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SUMMARY

This report was prepared by Hughes Helicopters, Inc, (HHI), Culver City,
California 90230, for the Applied Technology Laboratory, U,S. Army
Research and Technology Laboratories (AVRADCOM), Fort Eustis,
Virginia 23604, under Contract DAAJ02-77-C-0075,

The purpose of this program was to develop the necessary methodology for
applying fiber-reinforced composite materials to helicopter joint and attach-
ment fitting designs that permit disassembly of major components,

For this program, primary joints and fittings representative of high-
performance helicopters (the YAH-64 in particular) were selected for

evaluation., A generic design methodology approach was used to make the
data that was developed applicable to ongoing and future helicopter programs.

| The objective of this program was to develop basic cencepts for competitive
helicopter joints and fittings using composite materials. These materials
‘must be capable of being readily integrated into composite components and
‘attached to other components, both compcsite and metal, such that the
weight and cost effectiveness of the advanced composite component is an
improvement over the baseline metallic component alternatives.

All detail design and fabrication aspects of the three advanced composite
joint and fitting types that were fabricated and tested during this contracted
effort are documented in this report, along with the analytical and experi-~
mental results of the laminated angle bracke! study.
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INTRODUCTION

The purpose of this design guide is to document all detail design and
fabrication aspects nf three advanced composite joint and fitting types that
were investigated under the Advanced Concepts for Composite Structure
Joints and Attachment Fittings Program (Contract DAAJ02-77-C-0076),
The three joint and fitting types analyzed are:

a, Type A — Fuselage-Tailboom Joint (Figure 1)
b, Type D — Spar Box-Rib Joint (Figure 2)
c. Type K — Copilot Seat Fitting (Figure 3)

The steps involved in the design, fabrication, and testing of the three joint
and fitting types are illustrated in flowchart form in Figure 4. During the
initial screening and evaluation phase of the program, the configurations
and critical applied loads of the metal baseline joints were identified,
Design concepts, composite materials, and fabrication methods selected
according to structural efficiency, cost, and weight considerations were
incorporated into the preliminary design drawings, Preliminary hand
analyses of the joints were then carried out using conservative design
allowables obtained from the existing data base,

A small number of each joint and fitting type were fahricated for tool
proofing and subsecuent testing by nondestructive methods (hammer tapping
and harmonic analysis), Z~ch joint and [itting was then tested statically,
and Types A and D were also fatigue tested. The results of these experi-
ments were compared with the analytical predictions discussed in Volume I

of this report.

A cost effectiveness study was carried out to relate cost and weight differ-
ences between the composite joints and their baseline metal counterparts.

Finite element modeling consisted of a NASTRAN analysis to determine
critical interlaminar shear properties in the radius of a general angle
bracket, and NASTRAN models were prepared for each individual joint.

The experience and data gained from fabrication, testing, and modeling of
these joints were used to finalize the detail design drawings., Accessibility,
simplicity, environmental protection, weight, cost, and interchangeability
were the factors weighed most heavily.
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Copilot Seat Fitting
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DESIGN PROPERTIES

The composite material allowables and angle properties in this report are
given for Kevlar 49 aramid. fiber and Thornel T300 graphite fiber impreg-
nated with an epoxy resin system obtained from Applied Plastics Co., Inc,
(2434 resin/2347 hardener), These materials have been qualified to HHI
material specifications,

Either the wet filament winding or hand layup technique can be used accord-
ing to HHI process specifications, The cure cycle for this resin system is:

a, 4 hrat l140°F *10°F
b, 2hrati70°F %10°F
c. 2hrat250°F %10°F

COMPOSITE ALLOWABLES

The graphite and Kevlar composite allowables used in the design analyses
of the joints were developed during previous work using advanced composite
materials! and are reproduced in Appendix A, Laminate moduli, strength,
and other physical property values are given as a function of fiber angle for
fiber volume ratios of 0,55 and 0,60, The laminates are constructed of
symmetric angle plied layers of +« (alpha) orientation. Fiber, resin, and
composile input data terms are defined as:

AF (AR) = Fiber (resin) coefficient of thermal expansion,
in, /in, /°F

AFT = Fiber transverse coefficient of thermal
expansion, in,/in./°F

EF (ER) = Fiber (resin) elastic modulus, psi

EFT - Fiber transverse elastic modulus, psi

1Gooda\.ll, R.E., ADVANCED TECHNOLOGY HELICOPTER LANDING GEAR,
Hughes Helicopters, Division of Summa Corporation; USAAMRDL Technical

Report 77-27, Eustis Directorate, U.S. Army Air Mobility Research and
Development Laboratory, Fort Eustis, Virginia, April 1977.
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FCU = Fiber or composite ultimate compressive

strength, psi

FSU = Resin ultimate shear strength, psi

FTU = Fiber or composite ultimate tensile strength, psi

GF = Fiber shear modulus, psi

RHO = Composite density, lb/ft3

RHOF (RHOR)
UF (UR)

VF (VR)

Fiber (resin) density, 1b/ft3
Fiber (resin) Poisson's ratio (dimensionless)

Fiber (resin) volume, percent

WE (WR) = Fiber (resin) weight, percent

Composite properties are abbreviated as follows:

ALPHA = Fiber angle, deg

AX = Coefficient of thermal expansion, X direction,

in. /in. /°F

AY = Coefficient of thermal expansion, Y direction,

in, /in. /°F

EX = Elastic modulus, X direction, psi

EY = Elastic modulus, Y direction, psi

FXCU = Ultimate compressive strength, X direction, psi

FXTU = Ultimate tensile strength, X direction, psi

FXY = Ultimate shear strength, psi

FYCU = Ultimate compressive strength, Y direction, psi

f'YTU = Ultiznate tensile strength, Y direction, psi

GXY = Shear modulus, psi
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UXY = Poisson's ratio, perpendicular to X direction
(dimensionless)
UYX = Poisson's ratio, perpendicular to Y direction

(diménsionless)

Fiber orientation with respect to the longitudinal (X) and transverse(Y)
directions of the composite component is defined in Figure 5. The longi-
tudinal direction is usually aligned with the primary load path of the
component,

FIBER ORIENTATION,
ALPHA

Figure 5, Fiber Orientation

The rule of mixtures method can be used with the property tables given in
Appendix A to determine the laminate properties of any one type of fiber.
For example, in a (0/+45/90)4 graphite laminate with VF = 0,55, the longi-
tudinal (X direction) elastic modulus is

A 3 s 1 ST i o

6 6 5
. + 4(2.03 1 + 2(9.106 x 10
EX (laminate) = 2(18.91 x 107) + 4( : 9x107) + 2(9 x 107)
s 6 .
= 5,975 x 10° psi
" ANGLE ALLOWABLES

The simple turn-the-corner angle design shown at the bottom of Figure 6
can be used in many cases in which composite components must be capable
of disassembly. One-inch-wide T300 graphite, Kevlar 49, E-glass, and
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1000

900

700

600

500

300

ULTIMATE ALLOWABLE LOAD (P,,)» POUNDS

200

100

FIBERGLASS/EPOXY

| |

GRAPHITE/EPOXY

KEVLAR/EPOXY

| L ] | 1 ]

0.02 0.04 0.06 0.08 0.10 0.12 0.4 0.16 0,18 0.20

THICKNESS (T)» INCH

FIBERGLASSs GRAPHITE/EPOXYs OR TEDLAR
WASHERs 0.2 IN. 1D» 1/2 TO 3/4 IN. 0D,
TYP TWO PLACESs 1/32 TO 3/32 IN. THICK

NAS 620 OR EQUIVALENT
NO. 10 PLAIN STEEL WASHER.
TYP TWO PLACES —_

\

NAS 1103 OR EQUIVALENT
NO. 10-32 HEX HEAD BOLTS
WITH 1/4 TO 1/2 IN. GRIP}
NAS 671-10 OR EQUIVALENT
PLAIN HEX NUTS TO BE
TORQUED TO 26 IN.~LB

0.50

f ————— P

Figure 6.

! t ua

Angle Joint Allowable Loads
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§-glass angle joints with repetitions of the (0/£45/90) layup sequence were
fabricated and tested to determine their allowable ultimate strengths. Pre-
liminary results of these tests are given below:

-

A

Ce

d.

The corners of thinner angles straighten out elastically for

a distance of up to two or three times their initial radii. Next
the matrix fails in delamination, and finally the fibers fracture
at ultimate load.

The concept of yield strength being two-thirds of ultimate
strength is not transferable from metals to composites.

Permanent set may occur anywhere from 75 percent (thin
angles) to 90 percent of ultimate strength (thicker angles).

Thick sections are more ductile than thin ones.

Allowable load versus thickness in composite angles is shown
in Figure 6 for an eccentricity of 0,5 inch, Composite angles
of varying eccentricity and thickness must be tested before
nomographs similar to those already well-established for
aluminum can be developed.
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DRAWING PREPARATION

A number of common industry practices are used in the detail design draw-
ings to describe the composite components of the three joint and fitting types,

PLY ORIENTATION

X The reference fiber orientation of a composite component is shown in Fig-
5 ure 7. The O-degree direction is defined as the longitudinal, lengthwise, ~

or major load direction of the component,

00
N

= —» +90°

Figure 7. Fiber Orientation Reference Axis

- STACKING SEQUENCE

The stacking sequence of any number of plies can be represented by giving
the orientation of each ply or group of plies, separated by slashes, braces,
and brackets according to a conventional system of notation, The stacking
sequence of Detail 5 of Joint Type K is shown in Figure 8 as an example,

e i o~ o

A stacking sequence table such as the one shown in Table 1 can be placed
on the engineering drawing to help organize the stacking sequence and
orientation of any relatively complex composite component,

A large-scale schematic detail of the component should be provided along

with the stacking sequence table. In the cross section shown in Figure 9,

each ply is drawn and appropriately identified so that ply dropoffs can be

clearly defined. The minimum distance between ply dropoffs is 0, 2 inch, o
The maximum thickness of each dropoff is 0,030 inch, which is approxi-

mately equivalent to two plies of fabric,

24

o —————

e S o R DR IO, MRSy
i

o T o -

!




0/% 7 1w PLIES OF
{ o } 0/90 FABRIC
45
0/90 SYMMETRIC
LAYUP ABOUT
0/90 LAMINATE CENTERLINE
— __f_:‘g__\ {Bo/%)z/casﬂz}i
{ or90
0/% | Two REPETITIONS OF
{ 45 (0/90) /245
; 0/90
) 0/%0
Figure 8, Stacking Sequence
TABLE 1. SAMPLE STACKING SEQUENCE
PLY NO. oaxeﬁr"xirmn MATERIAL | 1y fokess
PL 145 @ 0,0135
P2 145 0.0135
P3 0 0.007
PA 0
PS5 0
Pé 0
P7 0
P8 0 0.007
P9 +45 0.0135
P10 0 0.007
P11 0
P12 0
P13 0
P14 0
P15 0 0.007
P16 145 | 0.0135
P17 45 Eﬁ 8] | c.0135

NOTEs [7] AND [[8) REFER TO THE GENERAL NOTES ON
THE ENGINEERING DRAWING IN QUESTION
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FUSELAGE-TAILBOOM JOINT (TYPE A)

Joint Type A.represents the attachment of a composite helicopter tailboom
to a forward fuselage. This tension bolt design includes steel fittings within
a graphité /Kevlar hybrid channel, which is joined to the graphite/Kevlar
hybrid skins of the sandwich structure,

The composite fuselage-tailboom joint incorporates design concepts and
manufacturing techniques to minimize weight and cost while efficiently
carrying ultimate loads, The final detail design of the test panel that
incorporates this joint is shown in Figure 10,

DESIGN CRITERIA

The process of evaluating and comparing numerous design concepts and
carrying out the final detail design was controlled by the following criteria:

a. Loads - Flight condition loads transferred across the fuselage=
tailboom joint must be efficiently carried by either a tension
bolt fitting or shear splice. The tension bolt concept was chosen
to permit direct interchangeability with an existing metal
tailboom,

b. Accessibility - Given the tension bolt concept, the composite
tailboom should be attached from the outside. Access holes
must therefore be provided in the skin or other integral fitting,

c. Simplicity - The wet-filament-winding/cocuring fabrication pro-
cess eliminates much time and effort normally spent in secondary
bonding or mechanical fastening of precured parts. Wet filament
winding is especially applicable to fabrication of cylindrical
structures such as tailbooms,

d. Environmental protection - Exterior helicopter components such
as fuselage-tailboom joints are designed for improved environ-
mental resistance in accordance with established HHI process
specifications. External steel parts such as the -3 fitting are
plated by various methods approved for aircraft structures. Non-
metallic external parts such as the -9 inner or -11 outer skins
are primed before they are painted according to specification.
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STRESS ANALYSIS

In the hand stress analysis of Joint Type A, the following loads and
stresses were determined:

a. Critical ultimate loads due.to crashworthiness conditions

b. Local -5 channel reaction load intensities in tension and
compression

c. Fiber stresses in %15° graphite and £45° Kevlar

o d. Shear stresses between the -5 channel and the outer facesheet

e. Lamina strains

f. Honeycomb sandwich buckling and wrinkling

e T e

%,
A

g. Bending of the -3 fitting

AL T Sy
T e rage

FABRICATION METHODS

Joint Type A was fabricated to simulate the methods used to fabricate a
composite tailboom, and so the inner and outer skins and the 0° plies of
the -5 channel were fabricated using the wet filament winding method. The
-5 channel was laid up manually on a male tool, using the 0° plies men-
tioned above and the *45° Kevlar fabric, and then staged in a vacuum bag.
The channel was trimmed, assembled with honeycomb core, and cocured
with the skins. Pressure during cure was provided by hoop-wound fila-
ments (90°) rather than by vacuum bag or autoclave to avoid collapsing the
mandrel. No film adhesive was used because the skins were wound with

sufficient resin to create filleting in the core. The fabrication sequence
is shown in Figure 11,
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Figure 11. Manufacturing Steps: Type A
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SPAR BOX-RIB JdINT (TYPE D)

The composite spar box-rib joint was designed to replace its metal equiva-
lent in a helicopter vertical stabilizer., This joint includes a rib that secures
the attach fittings and carries the shear induced by coupled applied loads
from the tail rotor. In addition, corner spar caps are cocured into the sand-
wich box structure to carry longitudinal bending loads, The detail drawing
of Joint Type D is shown in Figure 12,

DESIGN CRITERIA
Detail design of the final concept was controlled by the following criteria:

a. Loads - Critical tension and compression loads from the tail
rotor strike condition that are applied to the fittings must be
transferred through the rib to the box structure in shear, The
rib provides stability to the metal fittings.

b. Cost - Wet filament winding was chosen as the fabrication
method to minimize the cost of the spar box structure. The
fitting design was simplified to minimize machining and
assembly costs.,

c. Environmental protection - The gearbox attach fitting includes
two internal 4140 steel fittings that require a finish system
for bonding and environmental protection, and the external
graphite/epoxy skin of a composite vertical stabiliter spar
is primed and painted, both in accordance with approved
aircraft process specifications.

STRESS ANALYSIS

In the hand stress analysis of Joint Type D, the following were determined:
a. Critical loads at the tail rotor gearbox attachment fittings
b, Section properties
c. Internal forces (shear flows ‘in spar box walls and internal ribs)

d. Shear tear-out of lug through composite skins
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e, Shear between steel fitting and graphite rib
f.  Rib stability

FABRICATION METHODS

Fabrication of Joint Typé D simulated the methods to he used during produc-
tion. The plies for the four -17 spar caps were wet filament wound on a
drum mandrel, cut into patterns, and laid up on a male tool, Each part
was staged under vacuum and trimmed before final assembly. The -5 inter-
nal rib was laid up with graphite fabric over a foam core and staged in a
female die mold, The rib was then assembled into the spar mandrel prior
:to winding of the inner skin; ‘Honeycomb core was placed on the mandrel,
‘and then the outer skin was wound. These fabrication steps are shown in
Figure 13,
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COPILOT SEAT FITTING (TYPE K)

The copilot seat fitting design, derived from the metal seat attachment
fitting design, utilizes the turn-the-corner angle concept to carry (mainly)
ténsion loads, The final design drawing is shown in Figure 14.

DESIGN CRITERIA

Q.

b.

C.

d.

Detail design of the final concept was controlled by the following criteria:

Configuration - The substitution of composite materials for
metals was the primary change in this design because the seat
fitting configuration and its location could not be changed sig-
nificantly. Space limitations also limited the design alternatives.

Loads - Interlaminar shear stress in the corner of the composite
angles due to lug pullout loads was an omnipresent factor
during the design phase.

Cost - Manual layup of fabric provided the most cost-effective
fabrication technique, Wet filament winding of the plies could
not be justified due to the low material requirement.

Environmental protection - Since the copilot seat fitting is
inside the helicopter, no finish is required.

STRESS ANALYSIS

a.

b.

C.

d.

e.

The composite layup scquence was determined by lug shearout stresses in
the following stress analysis procedure:

Critical vertical, horizontal, and lateral applied loads
Internal loads and bolt reactions

Composite tensile stresses, allowing for bolt hole concentration
factors

Composite angle strength (see Figure 6)

Lug bearing and shearout stresses
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Joint Type K was fabricated by laying up preimpregnated graphite fabric on
four aluminum blocks: these were then assembled for cocuring, Three
fittings were cut and trimmed from the cured assembly, and bushings were
¢ installed, The fabrication process is shown in Figure 15,
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AND INSPECT AND KIT

q I

WY e | ReLEast

PART TOOLING

VACUUM BAG AND FINISH,
AUTOCLAVE  |—————>] MACHINE,AND

CURE INSPECT

Figure 15. Manufacturing Steps: Type K
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INSPECTION METHODS

In manufacturing these joints and fittings, as many components as possible
are cocured during a single cycle. While this method of assembly has sig-
nificant advantages from a manufacturing standpoint, it makes it impossible
to individually inspect the various components that make up an assembly,
The types of defects that can degrade the performance of composite struc-
tures are:

a., Delaminations

b, Unbonded areas

c. Porosity or voids

d. Resin-rich or resin-starved areas

e, Geometry of internal details

£, Thick bondlines

g. Position and bond of metal inserts

h, Foreign object inclusions
The importance of these defects varies with their size and location in rela-
tion to the size and geometry of the particular joint or fitting design in which
they occur. Assurance that the finished part has been fabricated free of

internal defects and has the proper internal geometry can only be obtained
using nondestructive inspection techniques.

These techniques include the hammer tapping method, in which a small
hammer is used to tap the surface of the composite component, The flat
sound produced by tapping over an unbonded area or void is easily detected,

even by an untrained ear, and an experienced inspector can readily determine

and mark the boundaries of the unbonded area or void. Subsequent tapping
can determine the growth of an unbonded area if it occurs.

The Shurtronics harmonic bond tester operates by physically transrnitting
high-frequency vibrations into bonded materials and monitoring the
resulting acoustical response with a small hand-held transducer., The
instrument is calibrated with a sample specimen of the same materials and
layup as the part under examination, with known defects built in for refer-
ence. With the instrument calibrated for a known density and thickness, a
reduction in local thickness caused by an unbonded area or other defect
results in an amplitude or phase change in the received signal. Liquid
coupling is not required for testing, and the probe can easily be used in
any position. .
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COST/WEIGHT TRADE STUDY

The cost effectiveness of each composite fitting design was measured by
considering the individual weight reductions afforded by switching to com-
posites and the cost increments vis-a-vis the metal baseline, To differ-
entiate between cost effective and cost ineffective designs, the cost
differences and the weight reductions were plotted in Figure 16. The pop-
ulation of cost-vs-efficiency points is divided into two domains by the cost
« effectiveness break-even lines, with cost-effective designs residing above
and to the left of the lines. Cost-effective designs possess features that
add value (in the form of weight reduction) that more than offsets the extra
expense, The slope of the break-even line is determined by the value of
eliminating a pound of structure from a helicopter without altering its
structural performance,
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The cost of saving weight can also be portrayed by plotting part weight
versus total cost (Figure 17).

The relationship between the cost and weight of composite [ittings implies
that the total cost per pound is $174 for Joint Type D, $329 for Type A,
and $593 for Type K., The $300-per-pound line is added to the graph for

e P A P e SR e ony
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1.0 L] "
$300-PER-POUND BREAK- /
1 EVEN LINE \
L m 0.8 |
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= / DESIGNS
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Figure 16, Break-Even Partitioning of Composite Fittings
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FINITE ELEMENT ANALYSES

o

ot

ANGLE BRACKET MODEL

2 yz :3:,;._5,:‘5??

Finite element models C-1 and C-2 were developed to predict the inter-
laminar shear present in the radius of an angle (Figure 18), Using the
talf-symmetrical C-1 model (Figure 19), variations in washer diameter,
washer distance from the bend, lamina orientation, lamina thickness,

. and bend radius-to-thickness ratio can be investigated., Using the C-2
one-strip model, variations in stacking sequence can be analyzed (Figure 20),

g T

o8

To minimize computer costs, the analysis was conducted in two stages.

. The bracket was first analyzed as a single-layer (solid laminate), multistrip
structure (C-1 model) to identify the critical strip and the corresponding
boundary conditions, In the second stage of the analysis, the critical strip

: was further divided into many discrete layers (C-2 model), to represent

SR the actual laminated structure, and analyzed in terms of the boundary
conditions obtained from the C-1 model to identify interlaminar stresses,

It is possible to conduct many parametric analyses using the C-1 and C-2
models, Figure 21 shows the relationship between normalized shear stress
(defined as interlaminar shear stress Ty divided by net tension stress ao)
and the width of the angle bracket, It should be noted that, since the inter-
laminar shear stress in composite components ranges from 1, 000 to 5, 000
pounds per square inch, the net tension stress is limitedto r_ /2.5, or

400 to 2, 000 pounds per square inch, Actual test results, however, indicate
higher aliowables,

INDIVIDUAL JOINT MODELS

NASTRAN models were developed for Joint Types A, D, and K, Instead of
developing one three-dimensional model for each type, a pair of two-
dimensional models was constructed to minimize development time, The
models for Joint Types A, D, and K are shown in Figures 22 through 27,
Orthotropic plates, with appropriate mechanical properties, are used in all
instances,
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Figure 18, Typical Laminated Angle Bracket
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NASTRAN Model C-1
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NASTRAN Model of Joint Type A (Side View)
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Figure 26, NASTRAN Model of Joint Type K (Front and Side Views)
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APPENDIX A

COMPOSITE MATERIAL ALLOWABLES

The graphite and Kevlar composite allowables used in the design analyses
documented in this report are given in Tables A-1 through A-14, Laminate
moduli, strength, and other physical property values are given as a func-
tion of fiber angle for fiber volumes of 0.55 and 0,60. Fiber, resin, and
composite input data terms are defined as:

AF (AR) = Fiber (resin) coefficient of thermal expansion,
in, /in. /°F

AFT = Fiber transverse coefficient of thermal
expansion, in,/in, /°F

EF (ER) = Fiber (resin) elastic modulus, psi
EFT = Fiber transverse elastic modulus, psi
FCU = Fiber or composife ultimate compressive
strength, psi
FSU = Resin ultimate shear strength, psi
FTU = Fiber or composite ultimate tensile strength, psi
GF = Fiber shear modulus, psi
RHO = Composite density, lblft3

RHOF (RHOR) = Fiber (resin) density, 1b/ft>

UF (UR) = Fiber (resin) Poisson's ratio (dimensionless)
VF (VR) = Fiber (resin) volume, p<rcent
WF (WR) = Fiber (resin) weight, percent
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Composite properties are abbreviated as follows:

ALPHA

AX

AY

EX

EY

FXCU

FXTU

"

Fiber angle, deg

Coefficient of thermal expansion, X direction,
in, /in, /°F

Coefficient of thermal expansion, Y direction,
in, /in, /°F

Elastic modulus, X direction, psi
Elastic modulus, Y direction, psi
Ultimate compressive strength, X direction, psi

Ultimate tensile strength, X direction, psi

FXY = Ultimate shear strength, psi

FYCU = Ultimate compressive strength, Y direction, psi

FYTU = Ultimate tensile strength, Y direction, psi

GXY = Shear modulus, psi

UXY = Poisson's ratio, perpendicular to X direction

(dimensionless)

UYX = Poisson's ratio, perpendicular to Y direction

(dimensionless)
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TABLE A-l. GRAPHITE COMPOSITE PROPERTIES

FIBER PROPERTIES RESIN PROPERTIES COMPOSITE PROPERTIES
VE = 0.5500 EF = 3,400E+07 | VR = 04500 ER= 4.700E+05 RHO = 0.0535
WF = 0,653 EFT = 13006+ 06 WR = 03464 AR= 4,000€-05 FTU = 178750.0
RHOF = 0.0636 GF = 3,500E+06 | RHUF= 00412 UR= 0,3500 FCU = 118250,0
iU = 325000,0 AF = -2, 400-07 FSU = 8000.0 FSU = 8000,0
FCU = 215000,0 AFT = 2, 960E-06
UF = 0,2200
FIBER PROPERTIES RESIN PROPERTIES COMPOSITE PROPERTIES
VF = 0,6000 EF = 3,400€+07 VR = 0,4000 ER= 4700405 | RHO = 0,0546
WF = 0,698 EFT = 1,300+ 06 WR = 0,306 AR+ 4, 000€-115 FTU = 195000,0
RHOF = 0, 0636 GF = 3,500€+06 RHOF + 0, 0412 UR= 0,3500 FCU = 129000, 0
FTU = 325000,0 AF » -2, 4006-07 FSU = 8000.0 FSU = 8000,0
FCU = 215000.0 AFT + 2,960€-06
UF = 0,228
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TABLE A-2. GRAPHITE MODULI (VF = 0. 55)

ey

ALPHA EX EY GXY
0.00 1,891E+07 9, 1086 +05 5, 665E+05
1,00 1, 8906 +07 9,107E+05 5, 717E+05
- 2,00 1. 886E+07 9, 111E+05 5. 873E+05
3,00 1. 879E+07 9, 119E+05 6,133 +05
i 4,00 1.869€+07 9,129E+05 6, 494E +05
. 5,00 1. 856E+07 9, 1436 +05 6. 956E+05
6.00 1, 839E+07 9,160+05 7.515E+05
7.00 1,819 +07 9,180E+05 8, 1706 +05
¥ 8.00 1. 795E+07 9, 204E+05 8.917E+05
9,00 1. 767E+07 9, 31E+05 9,753 +05
) 10, 00 1, 34E+07 9, 263E+05 1, 0676 +06
11,00 1. 697€+07 9, 299E +05 1,167E+06
12,00 1. 655E+07 9,33%E+05 1, 275€+06
; 13,00 1, 609 +07 9,385E+05 1,389 +06
4 14,00 1,559 +07 9,435E+05 1.5106+06
H 15,00 1.504€ +07 9,492 +05 1,637E+06
= 16,00 1. 4456 +07 9,555€+05 1, 76%+06
B 17,00 1.383E+07 9, 624E+05 1,905 +06
3 18.00 1,319+ 07 9, T01E+05 2, 045E+06
19,00 1. 53407 9, 786E+05 2, 18% +06
S 20, 00 1. 185E+07 9, 880E+05 2,3356+06
; 21,00 1 117E+07 9, 924E+05 2,483E+06
: 22,00 1. 049 +07 1. 010 +06 2,632%+06
: 23,00 9, 826€ +06 1,02%+ 06 2, 181€+06
. 24.00 9, 175E+06 1, 036€+06 2, 9306 +06
, 5. 00 8.547E+06 1,051E+06 3, 078E +06
; 26,00 7.8ME + 06 1, 068E +06 3, 224 +06
i 21,00 7.311E+06 1, 0876 +06 3,388 +06
; 28,00 6, 8306 +06 1.1076+06 3,508E+06
: 29,00 6.323E+06 1. 130E+06 3, 6456+ 06
30,00 5, 8496 +06 1,154E+06 3, 177E+06
31,00 5.410E+06 1. 181E+06 3, 9036 +06
, 32,00 5. 004E+06 1,211E+06 4. 024E+06
$ 33,00 4, 6306 +06 1. 2446+ 06 4,139 +06
! 34,00 4, 286E+06 1, 281E+ 06 4, 206E+06
i 35,00 3,972 +06 1.321E+06 4,346E+06
; 36,00 3, 685E+06 1,365E+06 4,438E+06
: 37,00 3,424E+06 1.414E+06 4,522 +06
: 38,00 3, 187E+06 1, 468E +06 4,596E+06
: 39,00 2. 971F +06 1.527E+06 4, 6626+06
i 40,00 2. 1756406 1.5936+06 4.718+06
a 41,00 2.697€+06 1. 665E+06 4, T6AE+06
42,00 2. 436E+06 1. 7456 +06 4, 800E+06
43.00 2. 91E+06 1.834E+06 4, 826E+06
44,00 2. 15% +06 1.932%+06 4, 80%+06
45,00 2. 039 +06 2. 048E +06 4, 8ATE+06
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TABLE A-3, GRAPHITE MODULI (VF = 0. 60)
ALPHA EX EY GXY
0,00 2, 059E +07 9, 451€+05 6, 343E+05
1,00 2. 057407 9, 453E +05 6, 400E +05
2,00 2, 053E+07 9, 439E +05 6, 569E +05
3,00 2, 045E+07 9, 470F+05 6. 850E +05
4,00 2. 035E+07 9, 485 +05 7, 242E+05
5,00 2, 020E +07 9, 504E +05 7, T42E +05
] 6.00 2, 002E+07 9, 528E +05 8, 348E +05
7,00 1, 980E+407 9, 556€ +05 9, 058 +05
800 1, 954F +07 9, 590E +05 9, 887E +05
9,00 1, 924E+07 9, 628E +05 1, 077E+06
10,00 1, 838E+07 9, 672E+05 1, 177€406
¢ . 1,00 1, 848E+07 9, 722E+05 1, 205E+06
12,00 1, 802 +07 9, T78E+05 1. A02E+06
13,00 1, 752€ +07 9, 840E +05 1, 526E +06
14,00 1, 698E +07 9, 939E +05 1, 657E +06
15, 00 1, 637E+07 9, 985E+05 1, 794E+06
16,00 1,573E+07 1, 0026+06 1, 937€+06
17.00 1, 906E +07 1, 016E+06 2, 065E +06
18,00 1, 435E+07 1. 026€+06 2, 237E +06
19,00 1. 363E+07 1, 038E+06 2, 326 +06
20,00 1, 290E +07 1, 058E+06 2, 551E +06
21,00 1. 216£+07 1, 063€+06 2, TIIE+06
22.00 1, MA3E+07 1, 078E+06 2,873E+06
23,00 1, 071E+07 1, GO4E +06 3,834E+06
24,00 1, 001€+07 1, 112E+06 3, 196E +06
25,00 9, 332 +06 1. 131€+06 3,356E +06
26,00 8, 687E +06 1, 152E+06 3,515E +06
21.00 8. 066E +06 1, 1756406 3, 670E +06
28,00 7, 484E +06 1, 200€ +06 3, 822E+06
29,00 6, 937E +06 1, 27E+06 3, 970 +06
30,00 6, 427E +06 1, 2576406 4, 113£+06
i 31,00 5, 957E +06 1, 290E +06 4,250E+06
, 32,00 5, 514E +06 1.3265+06 4,381 +06
; 33.00 5, 110E +06 1.3665 +06 4,505E+06
; 34,00 4, T18E +06 1. 409E +06 4, 622E +06
i 35,00 4,398E+06 1. B56E+06 4, 138E+06
. 36,00 4, 086E +06 1. 508 +06 4.830E+06
e 1 37,00 3, 801€ +06 1. 5656 +06 4, 920€ +06
e 38,00 3, 542 +06 1, 627E+06 5, 001E +06
- 39,00 3, 306E 406 1, 696E+06 5, 072€ +06
v} 40,00 3, 0916406 1. 771E+06 5, 133406
L, 4,00 2.895E+06 1, 854E +06 5. 183E+06
X 42,00 2, T18E+06 1. 845E+06 5, 222F +06
& ? 43,00 2, 556E +06 2. B45E+06 5, 250E +06
7 44,00 2, 409E+06 2, 155E+06 5, 267E +06
2 E 45,00 2, 276E+06 2, 276 +06 5,273 +06
S
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TABLE A-4 GRAPHITE STRENGTH ALLOWABLES (VF = 0, 55)

ALPHA FXTU FYTU FXCU FYCU FXY
; 0,00 178750.0 0.0 118250.0 5673.3 4408, 0
i 1.00 178296.6 6,5 118173.7 5674, 2 4676, 8
‘ 2.00 176949. 2 26,1 117942.9 5677.0 4968, 8
{ 3,00 174744.6 58.8 117551,5 5681.7 5286.4
{ 4,00 1717417 104,7 116990.0 5688, 4 5631.7
g 5.00 168017, 3 163.8 116245.3 5697.1 6007, 3
{ 6.00 183661, 7 236.3 115301, 9 5707.8 6415, 6
7.00 158773, 6 322.3 114142,1 5720,7 6859.3
8,00 153454, 8 422.1 112747.4 57135.9 73411
9,00 147806, 4 535.7 111099, 6 5753.5 7863,5
10,00 141924,5 563,5 109182, 3 5173.6 8429.4
11,00 135898,0 805, 6 106982, 1 57%.4 9041, 2
12, 08 129806, 1 962,5 104490, 5 5822,2 9701.4
13.0 123718,0 1134,4 101705, 1 5851.1 10412.3
14,00 117691.9 1321.7 986309 5883.3 11175,9
15,00 111775.8 1524.7 9%5281.4 5919, 2 11993,7
16,00 106807, 8 1744,0 91678.4 5959.1 12866, 8
17.00 100417.4 19799 87852.4 6003,3 13796, 0
18,00 9505, 9 2233,0 83841.0 6052, 2 14780, 9
19,00 89848.3 5039 79688, 1 6106,3 15820, 9
20,00 84893, 6 2193.2 154415 6165, 9 16914, 2
21,00 80166.4 3101.4 1150, 6 6231.6 18058, 1
22,00 15667,3 3429.3 66864, 8 63041 19248, 9
23.00 71394, 2 3.1 62630, 6 6383.9 20481, 8
24,00 67342,5 4147.4 58490.4 6471.8 21750, 9
5,00 6350, 9 4539,2 54480,7 6568, 6 23049.1
26,00 59871.0 4954, 1 50631.9 6675, 1 24368, 6
21,00 56447.3 5393,0 46967.4 6792.4 217001
2,00 53208, 2 5857.2 4350, 1 6921.5 21033,9
29,00 50150, 4 6347.6 40252.5 7063, 7 28359.4
: 30,00 47264.6 6865, 6 37217.8 1220, 2 29665, 7
! 41,00 44541,9 1412,5 34400,0 1392.7 30941,7
; 32,00 41973, 1 1989,7 317%.8 1582.6 32176, 2
j 33.00 39549, 6 8598,7 29398.5 1192.0 33358, 7
. 34,00 37262,9 9241.3 21199.2 8022, 7 34479.0
i 35,00 35106, 2 9919.1 2187.4 8211.1 35521.9
f 36,00 33068. 6 10634.0 2331.6 8557.8 36497, 2
37,00 31146,0 11388.1 21680,0 8867.4 371379.6
38,00 29330.5 12183.6 20160.5 9209, 2 38169, 2
‘ 39,00 21615, 7 13022, 7 18781.1 986.5 38861.1
\’ 40,00 59%.5 13908.0 17530,3 10003.3 39451.7
41,00 24464, 1 14842, 1 16397.0 10463. 7 39937.9
42,00 23016.3 15828.0 15371.0 10972,5 40317.8
43,00 21647.1 16868, 7 14442.5 11534,9 40590.0
44,00 20351,8 17967.5 13602.5 12156.5 40753, 6
45,00 19126.0 19127.9 12842.7 12843.9 40808, 2
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TABLE A-5. GRAPHITE STRENGTH ALLOWABLES (VF = 0. 60)

RSP

% ALPHA FXTU FYTU FXCU FYCU FXY
X 0.0 195000, 0 0.0 129000. 0 5902. 6 4928.4
3 1.00 194519, 1 7.3 128917.1 5903.9 5228.6
- 2.00 193089.4 29.3 128666. 3 5907. 9 5554, 8
: 3,00 190748, 9 68.0 128240, 7 5914.6 5906, 8
% 4,00 187558, 2 7.4 127629. 4 5924. 0 6289, 6
5,00 183597.0 183.8 126617.8 5936, 3 6704, 9
i 6.00 178958, 5 265.1 125788. 1 5951.4 7155.5
i 7.00 173745, 4 361. 6 124520, 7 5969, 5 7644, 1
L 8,00 163264.0 473.5 122994, 9 5990, 7 8173.6
E 9,00 162020, 2 601.6 121190, 4 6015, 1 8746.9
. 10,00 155715. 4 744.3 119089, 3 6043.0 9366, 8
: 11,00 149243, 4 903, 6 116677. 2 6074, 5 10036, 2
12,00 142688, 9 10798 113945, 3 6109, 8 10757.9
13,00 13612%.9 12125 1108920 6149, 2 115341
14,00 129617, 5 1482.6 1075241 6192.9 12367, 2
15,00 123216.8 17103 103857. 6 6241.3 13259,0
16,00 116963, 3 1956, 2 99918, 1 6294, 6 14210, 7
17,00 118892.3 2220, 7 957401 6353. 4 15223, 2
18,00 105027, 2 %504.5 91366, 3 6418.0 16296.3
5 19, 00 99385, 5 2808, 2 86845.3 6488, 8 17429, 2
: 20,00 93978.6 3132,5 82229.6 6566, 5 18620,1
21,00 88811.0 3478.0 77573.4 6651, 6 19866, 2
) 22,00 83886, 2 38456 72929.5 6744.6 21163, 2
; 23,00 79202, 2 4236,0 68348.0 6846, 4 22506, 2
2,00 74755, 1 4650, 3 63873.5 6%57.8 23888, 4
: .00 70538.9 5089, 3 59544, 5 7079.5 %302, 2
i 26, 00 66546, 1 5554, 0 55392, 2 7212.6 26738, 6
; 27,00 62768.5 6045, 7 51440, 8 7358, 2 28187.7
¢ 28,00 59196, 9 6565.5 47707.1 517.3 29638, 5
: 29,00 55821.9 14,7 44201 3 7691.4 31079,4
! 30,00 52633, 8 7694, 7 40928, 2 7881, 8 32498, 3
: 31,00 49623,1 8306, 9 37887, 1 8090, 2 338830
' 32,00 46780, 3 8952.9 350738 8318.4 352213
N 33,00 44096, 2 9634.5 32480, 9 8568, 3 36501, 7
( 34,00 A1561,7 10353, 3 30098, 6 8842.1 3717131
; 35,00 39168.4 111115 27915.6 9142, 2 38845, 8
{ 36,00 36908, 0 11911.1 %919.7 9471.4 39890, 9
" 37,00 34772.8 12754, 2 24098, 1 9832.6 40841, 1
t 38,00 32155.4 13643.3 22438, 2 10229, 1 41690, 1
39,00 30848, 7 14581.1 20927.3 10664, 6 424331
; 40,00 29046, 2 15570, 1 19553 3 11143, 2 43066. 4
4i 41,00 21341.8 16613, 4 18304. 6 11669. 3 43587, 2
- 42,00 51297 17714.1 17170, 2 12241.9 43993, 8
43,00 24204.3 18875.7 161401 12884. 6 44284, 9
44,00 22760.6 20101.7 15204. 8 13585.3 44859, 7
45,00 21393.9 21396, 1 143554 14356, 7 44518, 0
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TABLE A-6. GRAPHITE POISSON'S RATIO AND
THERMAL EXPANSION (VF = 0, 55)

ALPHA uxy UYX AX AY
0,00 0, 2785 0, 0134 2, 100E-07 1. 716E~05
1.00 0, 2841 0, 0137 2, 055€-07 1, 716E-05
2,00 0,3009 0, 0145 1. 919E-07 1. 713¢-05
3,00 0,3287 0, 0160 1, 692€-07 1, 709€-05
4,00 0,3872 0,0179 1,377E-07 1, 704€-05
5,00 0, 4160 0,205 9,739-08 1, 696E~05
6,00 0. 4745 0. 0236 4, 847E-08 1, 687€-05
7.00 0.5420 0.0274 -8, 815€-09 1, 677€~05
8,00 0,6176 0, 0317 -7, 420£-08 1. 664€-05
9,00 0,7001 0. 0366 -1, 474€-07 1, 650£~05

10,00 0,7883 0, 0421 -2, 219-07 1. 635E-05
11,00 0, 8806 0. 0483 -3, 154E-07 1, 617€-05
12,00 0.9754 0, 0550 -4, 094E-07 1, 59805
13,50 1,0709 0, 0625 -5, 093¢-07 i, S76E-C5
14,00 1.1663 0, 0785 -6, 143€-07 1, 553€~05
15,00 1, 2569 0,0793 -7, 239E-07 1, 528E-05
16,00 1,3427 0, 0888 -8,3NE-07 1, 502€-05
17,00 1, 4223 0,989 -9, 531€-07 1, 473€-05
18,00 1,4936 0,1099 -1, 071€-06 1, 442605
19,00 1,5554 0, 1215 -1, 18%-06 1. 409€-05
20,00 1, 6068 0,1340 -1, 307€-06 1, 374E-05
21,00 1.6472 01472 -1, 423E-06 1, 337€-05
22,00 1,6762 0, 1613 -1, 535E-06 1, 298€-05
23,00 1,6941 0, 1763 -1, 643E-06 1, 257€-05
24,00 1,7011 0,1921 -1, 744E-06 1, 214€-05
25.00 1,6978 0, 2089 -1, 836E-06 1, 169E-05
26,00 1, 6852 0, 2266 -1, 918E-06 1, 1226-05
27,00 1, 6640 0, 2453 -1, 988£-06 1, 074E-05
28,00 1,6354 0, 2651 -2, 043E-06 1, 023€-05
29,00 1, 6004 0. 2859 -2, 082€-06 9, 711E-06
30,00 1, 5601 0,3078 -2, 103606 9, 176€-06
31,00 1,5154 0, 3309 -2, 102€-06 8, 627€-06
32,00 1, 4572 0, 3552 -2, 079E-06 8. 068E-06
33,00 1,4165 0, 3808 -2, 031€-06 7. 499 -06
34,00 1, 3640 0, 4076 -1, 956€-06 6. 923E-06
35.00 1,3103 0, 4357 -1, 852€-06 6, 343606
36,00 1. 2561 0, 4653 -1, 718€-06 5,761E-06
37.00 1, 2017 0, 49%2 -1, 553€-06 5, 181E-06
38,00 11417 0, 5287 -1,354£-06 4, 605E-06
39,00 1,0944 0, 5627 -1, 122€-06 4, 037€-06
40,00 1. 0428 0,5982 -8, 562E-07 3, 4306-06
41,00 0, 9907 0, 6353 -5, 562£-07 2. 938E-06
42,00 0. 9408 0, 6740 -2, 2216-07 2. 4126-06
43,00 0,3923 0,7144 1, 437€-07 1. 907E-06
44,00 0, 0454 0, 7564 5. A17E-07 1. 425E-06
45,00 0, 8001 0, 8001 9, 698£-07 9, 691£-07
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TABLE A-7. GRAPHITE POISSON'S RATIO AND THERMAL
EXPANSION (VF = 0. 60)

ALPHA UXY uYx AX AY
0.00 0,2720 00125 1, 275E-07 1, 575E-05
1.00 0,2779 0,0128 1, 233e-07 1, 574€-05
2,00 0,2954 0,0136 1, 106E-07 1,572E-05
3,00 0,3243 0.0150 9, 004E-08 1, 568E-05
4,00 0,3844 0,0170 6, 113E-08 1, 562E-05

¢ 500 0,4152 0.0195 2, 421E-08 1, 554€-05
6, 00 0, 4760 0, 0226 -2, 052E-08 1, 545€-05
7.00 0, 5460 0. 0263 -1, 283E-08 1, 534E-05
8.00 0, 6243 0, 0306 -1, 324E-07 1, 521€-05
9,00 0,7098 0.0355 -1, 990-07 1, 507€-05
4 10, 00 0, 8005 0.0410 -2, 121E-07 1, 491E-05
11,00 0, 8954 0,0471 -3, 513€-07 1,473E-05
12,00 0, 9926 0, 0539 -4,361€-07 1, 453E-05
13.00 1, 0901 00612 -5, 260€-07 1, 432605
14,00 1, 1059 0. 0693 -6, 202€-07 1, 409€-05
15.00 1, 2132 0.0780 -7, 181€-07 1,384E-05
16 00 1, 3649 0,0874 -8, 188E-07 1, 357€-05
17,00 1, 4444 0,0975 -9, 215€-07 1,328E-05
13.00 1,5151 0.1083 -1, 025€-06 1, 298E-05
19,00 1,5759 0.1199 -1, 12906 1, 265E-05
20,00 1,6257 01323 -1, 232€-06 1,231€-05
21,00 1, 6642 0. 1455 -1, 332€-06 1, 195E-05
22.00 1,6912 0.1595 - 1,42%-06 1, 158E-05
23,00 1,7868 01743 -1, 520€-06 1, 118E-05
24,00 L7115 0, 1901 -1, 605€-06 1,077€-05
25,00 1,7059 0, 2067 -1,683€-06 1, 035€-05
26, 00 1,6911 0, 2243 -1, 750¢-06 9, 905€-06
21,00 1, 6679 0,2429 -1, 806E-06 9, 449€-06
28.00 1,6374 0.2625 -1, 850€-06 8, 981E-06
29,00 1,6007 0,2832 -1, 878E-06 8,501€-06
30,00 1, 5589 0,3050 -1, 890€-06 8, 010¢-06
31,00 1.5129 0,3219 -1, 884E-06 1,511E-06
32,00 1, 4637 0.3520 -1, 858E-06 7, 005E-06
33.00 1,4121 0.3774 -1, 8ME-06 6, 493£-06
34,00 1,3589 0. 4040 -1, 741E-06 5. 979E-06
35,00 1,3047 0, 4828 -1, 646E-06 5, 463E-06
36,00 1,2500 0,414 -1, 526€-06 4, 950€-06
- 37.00 1, 1954 0. 4921 -1,37%-06 ‘ 4, 440€-06
38,00 1, 1413 0, 5243 -1, 205€-06 t 3,936E-06
39,00 1, 0878 0, 5581 -1, 002€-06 3, 442E-06
40,00 1,0354 0 5934 -1.719-0 | 2,958¢-06
41,00 0, 9842 0.6363 -5, 129e-07 ' 2,48%-06
\ 42,00 0,9744 0, 6688 -2, 258-07 \ 2, 036E-06
43,00 0, 8861 0.7089 8, 896E-08 , 1, 602E-06
44,00 0, 8393 07568 4, 304¢-07 i 1, 188E-06
45,00 0,7942 0,7843 7,975¢-07 | 7,969%€-07
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TABLE A-8, KEVLAR 49 COMPOSITE PROPERTIES

FIBER PROPERTIES

RESIN PROPERTIES

COMPOSITE PROPERTIES

VF = 0.5500 EF = 19006+ 07 VR = 04500 ER = 4,700E+05 RHO = 0,0474
WE = 0.6085 EFT = 1.000E+06 | WR = 0,3915 AR= 4, 800E-05 FU = 178750,0
RHOF = 0.0524 GF = 3,000¢+05 RHOR= 0, 0412 UR= 0,3500 FCU = 38500,0
FTU = 325000,0 AF = ~3,840E-06 | FSU = 8000,0 FSU = 8000,0
FCU = 70000.0 AFT = 3, 000E-05
UF = 0,2200
FIBER PROPERTIES RESIN PROPERTIES COMPOSITE PROPERTIES
VF = 0,6000 EF = 1,900E+07 | VR = 0,4000 ER= 4,700E+05 | RHO =0,0479
WF = 0,6561 EFT = 1,000€+06 WR - 0,3439 AR= 4,000C-05 FTU = 165000,0
RHOF = 0,0524 GF = 3,000€+05 | RHOR= 90,0412 UR= 0,3500 FCU = 420000
FTU = 325000,0 AF = 3, 440€-06 FSU « 8,000,0 FSU = 8000,0
FCU = 70000,0 AFT = 3, 000€-05
UF = 0,2200
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TABLE A-9, KEVLAR 49 MODULI (VF = 0.55)

SEis e e
>
P
o
X
p

EX EY oXY
0.00 1, 66E 07 7, 80TE+(5 2, 349E 405
1,00 1, 06SE 407 7, 85E+(5 2. 3805405
| 2.00 1. 563E+07 7. 8106405 2. AT2E+(05
f 300 1, 8596 07 7. 830645 2, 626E+05
400 1L 53407 7.817E+(5 2. BU0E +05
{ 5, 00 1, G6E 407 7, 800E+(5 3, 1136+(05
’ 6.00 1. O37E+07 7. T196+(05 3, AME 05
4 .00 1. Q26E 407 7, 155E+(05 3, 826405
{ 8 00 1, Q12 +07 7. 1276405 4,2146+405
9,00 9, 968E 406 7. 696E 05 4, T68E 405
10,00 9, 1916406 7. 61645 5, 312E 405
{ 1100 9 S89E 406 7, 623405 5, 90AE 405
P 12,00 9, 364E+06 7, SB2E+(5 6. SA0E +05
13,00 9, 113E+06 7, SE+(5 7.2176+05
| 14,00 8,838E+06 7. 91E+(5 7, 9RE 05
: 15,00 8. S38E 406 7. M1E+05 8, 682E +05
16 00 8 215E+06 7 89E+(5 9, 483E 05
| 17,00 7. 8116406 7. 335E+05 1, 27 406
18 00 7 09406 7, 2196+(05 1, 110E+06
i 19,00 7. 1BIE+06 7. 21645 1 195E 406
{ 20,00 6. JA1E+06 7, 162E+(5 1, 2826406
21,00 6. 33E +06 7. 1026405 L 3635406
2,00 5, Q42E +06 7. ORE+(5 1L STE406
: 23,00 5, S41E +06 6. 983E 405 1, S46E+06
i 24,00 5. 145E +06 6. S4E +05 1, 634E +06
: 25,00 4, 7586406 6. 867645 L T21E406
26,00 4, 384E +06 6. 8126405 1, 80E 406
21,00 4. 025E 406 6. TOLE+(5 1. 8936406
28,00 3 685E+06 6. TME+05 1, ST6E 406
: 29,00 3 365E 406 6. 614E+(5 2. 05TE 406
1 30,00 3 066406 6, 6A0E 05 2, 135E406
‘ 31,00 2. 7906406 6. 614E+05 2, 2106406
; 32,00 2,535E +06 6. S99E +(5 2,281E406
; 3,00 2, 303E+06 6. OTE+05 2, 349E +06
j 34,00 2, 02E+06 6. 608E+05 2, 413406
ss 3,00 1, 902E 406 6, S3TE 05 2, 4728 405
: 3,00 1. TR2E 406 6. 686E+05 2, 526E 0
P 31.00 1,580E 406 6. TS8E+(5 2,576E 106
38,00 1, M5E 406 6. 85T +05 2. 620E +0o
| 3,00 1. 326E 406 6. BIE+(5 2, 650 406
200 1,221€406 7. 1526+(5 2, 692E +06
{ 400 1, 1306406 7, 38E+(5 2,719 406
\ 2.00 1,050 406 7. 610E 5 2. T40E +06
.06 9 8136405 7.915E+(5 2, 156E +06
w0 92196405 8. 2796 +05 2. 765€ +06
.00 8, T11E+(5 8 T12E 05 2. 7686 406
i
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TABLE A-10. KEVLAR 49 MODULI (VF = 0. 60)

ALPHA EX EY XY
0.00 1, 159E+07 8, 053E+05 2.412E+05
1.00 1, 158E+07 8,051E+05 2, 445E 405
2,00 1, 155E+07 8, 045E+05 2, 546E+05
3.00 1, 151E+07 8, 036E+05 2.713E+05
4,00 1, 145E+07 8. 022E+05 2,947E+05
500 1 137€+07 8, 005E+05 3,245E+05
6. 00 1, 127E+07 1. 983E+05 3, 606E+05
1.00 1 114E+07 1. 958E+05 4. 029E+05
8.00 1, 100E+07 1. 930E+05 4.511E+05
960 1, 083E+07 1.898E+05 5, 050E +05

10. 00 1, 083E+07 7 862E+05 5, 644E+05
1L.00 1,0412+07 1.823E+05 6, 289E+05
12,00 0. 106E +07 1, 182E+05 6, 983E+05
13,00 9. 886E+06 1 135E+05 1, 121E+05
14,00 9.5812+06 1, 687E+05 8,582 +05
15,00 9, 249E+06 1, 636E+05 9, 319E+05
16,00 8,891E+06 1. 553E+05 1, 017E+06
17,00 8.309E+06 1,521E+05 1, 105E +06
18,00 8. 107€+06 1, 469E+05 1, 196E +06
19.00 1, 688E +06 1, 410E+05 1,288E+06
20.00 1, 256E+06 1, 349E+05 1. 303E+06
21.00 6. T16E+06 1, 288E+05 1, 478E+06
22.00 6.373£+06 1, 226E+05 1, 575E+06
23.00 5. 9322+06 1, 165E+05 1, 671€+06
2400 3, 497E+06 1, 1056405 1, 767€ +06
25,00 5.013E+06 1, 046E+05 1, 863E+06
26.00 4, 664E +06 6. 990E +05 1, 957€+06
27.00 4.273E+06 6, 938E+05 2. G50E+06
28,00 3,903 +06 6, 893E+05 2, 140E+06
29.00 3, 556E +06 6. 848E+05 2,228E+06
30.00 3.233E+06 6,813E+05 2.314E+06
3L%0 2,935E+06 6, 187E+05 2.395E+06
32.00 2, 662E +06 6. 172E+05 2,413%  jo
33,00 2,413E+06 6. T69E+05 2,541E +06
3400 2, 188E+06 6, 182E+05 2.617E+06
35.00 1. 986E +06 6, 812E+05 2,681k +06
36,00 1,805E+06 6, 864E+05 2, T40E +06
31,00 1, 644E +06 6. 939E+05 2, T94E +06
38,00 1. 501E+06 1, 042E+05 2,843E+06
39.00 1, 315E+06 11778405 2,885E +06
40,00 1, 265£+06 1, 349E+05 2,921E+06
41.00 1,169E+06 1,563C+05 2.9515+06
42.00 1, 085E+06 1, 826E+05 2,974 +06
43,00 1, 013E+06 8, 143E+05 2. 991E +06
4.0 9. 506 +05 8,524E+05 3. 0015+06
45,00 8. 975E+05 8. 9015405 3.0045+06
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TABLE A-11, KEVLAR 49 STRENGTH ALLOWABLES (VF = 0. 55)
ALPHA FXTU FYTU FXCU FYCU FXY
0,00 178750, 0 0.0 38500, 0 2818.7 1413,4
1.00 1781342 4.8 38474.8 2818.0 1498,5
2.00 176310.4 19.2 383%.7 2816, 1 15%. 7
3,00 173347.7 4.3 38210.3 28127 1709,5
4.00 169353.7 1.0 38087.3 2808,1 1838,6
5.00 164465, 9 120.5 37846, 7 2802.2 1985.6
6.00 158839,9 173.9 37544, 7 219.0 2152.4
1.00 152638, 8 231.2 37176.8 2786.5 2340,7
8,00 1460233 310,6 36738,3 2116,7 52,3
9.00 139143, 7 3%4.3 36224,1 2165.8 2189.0
10,00 132134, 6 488,5 35629, 2 2153.6 3052,2
11,00 1251114 593.3 34949.3 2140.3 3383, 6
12,00 118169, 7 708.9 34180, 4 2126,0 36643
13,00 111385, 2 835.7 333200 2105 4015.3
14,00 1048157 974.0 32361.0 269%4.1 4397.2
15,00 98502, 7 1123.9 31322.3 2676, 7 4810,2
16,00 92473,9 1286,0 30188, 9 2658,5 5253.8
17,00 86746.1 1460,5 289725 2639.6 5721.2
18,00 81326.6 1647.8 21681, 1 2620,0 6228.8
19,00 76215,9 1848,5 263%5.4 599.9 6756.5
20,00 11409.1 2062,9 20918.4 79,3 1307.5
21,00 66897, 6 22916 24147 2558, 6 1878.3
22,00 62669, 8 53,1 22010,3 531,8 8465, 0
23,00 5871126 2194.1 206418 5171 9063, 1
2,00 55011,8 3069, 2 19085, 8 2496, 8 9667, 8
5,00 51552, 6 3361.1 17657.8 2411.2 10273,9
26,00 48320,3 3670, 16272, 2 258,4 10876.3
21,00 45300, 4 3998.4 14941,5 2041.0 11469.6
28,00 42478,1 4345.6 13675, 9 U%,2 22048,9
29,00 39841.8 412.9 12483,3 11,5 12609.5
30,00 37316.9 5101.4 11369, 1 2400.4 13147,0
31,00 35071,8 5512.3 10336, 7 2392.5 13657,5
32,00 32915,2 5946, 6 9387.3 2388.3 141380
33,00 30896.5 6405, 8 8520,4 2388.7 14585, 9
34,00 29006, 0 6891.1 1734,0 2394.4 14999, 0
35,00 24,3 1404,1 1025.0 2406.4 15376, 2
36, 00 5513,0 1946.3 6389.4 25,1 15716.5
37.00 24014.4 8519.4 58227 2053, 6 16019,5
38,00 2551.1 9%5.4 5320,1 29,2 16285, 2
39.00 21176.5 9766.3 4876.4 540,3 16513.9
40,00 19884,3 10444,2 4486, 7 2602,4 16706.1
41.00 18669, 0 11161.4 41460 2679.4 16862.3
42.00 1755.2 11920, 6 3849.7 2173.6 16983, 0
43,00 16448,1 12724.4 3593.2 2881.2 17068. 8
44,00 15433.3 135759 3372.4 3022.9 171201
45,00 14476, 7 14478, 2 31834 3183.7 17137.2
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TABLE A-12, KEVLAR 49 STRENGTH ALLOWABLES (VF = 0, 60)
ALPHA FXTU FYTU FXCU FYCU 241
0,00 0.0 0.0 42000.0 2904.8 1460, 9
1,00 194288, 9 4.9 41972.5 2904, 1 1550,0
2,00 192184,6 19.8 41889.3 2902,1 1652.9
3,00 1887716 4.6 417489 2898.6 1771.3
4.00 1841811 9.3 41548, 7 2393.8 1906,9
5,00 178579.5 124,2 41284.9 2881.7 2061, 8
6. 00 172154, 1 179.2 40953.1 2880.3 2231.6
1,00 165099, 2 244.4 40548, 1 2871.5 2436,5
8,00 157604, 1 3201 40064, 4 2861.4 2660,5
9,00 149843, 9 406,4 39496, 0 2850,1 29113
10,00 141973,1 503.4 38837.2 2831.6 3191.0
11,00 134122,3 611.4 36002, 6 2823.0 3501.3
12,00 126397.4 750,6 37221.9 2809.0 3843,5
15,00 118880, 9 861.4 36210, 2 2193,0 4219.0
14.00 111633, 6 1003.9 352001 2176.0 4628.5
15,00 104898, 0 1158,5 34042, 9 21581 5072.4
16,00 98100, 8 135.6 32178,4 2139.3 5550,5
17,00 91856.4 1505, 6 31421, 2 2Nn9.1 6062,1 .
18,00 85969.1 1698, 8 29981.1 2699.4 6605, 7
19,00 80435, 8 1905, 8 28470, 6 2678.6 1n79.0
20,00 15248,0 2121.0 26904, 9 2657.4 7779.4
21,00 70393,1 2362.9 5301,0 26360 8403.0
22,00 65856, 3 2614.3 23677,4 2614.4 9045, 8
8,00 61620, 7 2881, 6 22653, 1 93,0 9702, 8
24,00 57669, 2 3165.6 20446, 6 512.1 10368, 8
5,00 53984.0 3467.0 18875.6 B51,1 11038,0
26,00 50547, 7 3786.5 17355.8 5323 11704, 6
21,00 47343.6 15,2 15900, 6 514.3 12362.7
28.00 44355, 2 4483.8 14521, 0 2097.9 13006. 6
29.00 41567.4 4863.3 1325,1 2483, 7 13630, 6
30,00 38965.5 5264.9 12018,3 7412.2 14229, 9
31.00 36536.0 5689, 7 10903, 5 2464.0 14800, 1
32,00 34266, 2 6138,8 9881.5 259,7 15337,2
33.00 32144.4 6613. 8 8950, 9 2460, 1 15838, 2
34,00 30159.6 115,9 8109.2 2466.1 16300, 7
35.00 28301.7 7646, 8 1352,2 2478.5 16723,1
36,00 26561, 6 8208.2 6675.4 2498.6 171043
37,00 24930,5 8801, 8 6073,4 521.6 17443,7
38.00 23400, 7 9429, 7 5540,5 2566,8 17741,4
39.00 21964, 8 100939 5071, 2 2617.8 17997.5
40,00 20616.3 10796, 8 4659.7 2682.5 182i2.7
41,00 19348,9 11540, 8 4300, 6 2162, 9 18387.5
42,00 18156, 9 12328, 7 3988.8 2861.1 18522.6
43,00 170353 13163.4 379.3 9797 18618.7
44,00 15979.3 14047, 9 3487.6 3121.6 18676, 0
45,00 14984, 3 14985, 9 3289.6 3289.9 186%.1
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TABLE A-13. KEVLAR 49 POISSON’S RATIO AND THERMAL
EXPANSION (VF = 0, 55)

ALPHA Uxy UYX AX AY

0.00 0.2785 0,205 -2, 578606 2, BME-05
1,00 0, 2824 0,208 -2, 587€-06 2, 843605
200 0, 2942 0,217 ~2,613E-06 2, 843E-05
3.00 0.3138 0,222 -2, 656E-06 2, B41E-05
4,00 0,3410 00253 -2, TI6E-06 2. 840€-05
5,00 0,3757 0, 0280 -2, 194 -06 2, 838-05
6.00 0, 4178 0,0313 -2, 889606 2, 835E-05
7.00 0, 4668 0, 0353 -3, 002€-06 2. B3IE-05
8,50 0,5224 0, 0399 -3, 132-06 2.827E-05
9,00 0, 5841 0,051 -3, 21%-06 2822605
10.00 06513 0,0510 -3, 445€-06 2, 816€-05
11,00 0,723 0,0575 -3, 627E-06 2, 809-05
12,00 07991 0. 0647 -3, 828606 2, 802 -5
13.00 0.8777 0,0726 -4, 045€-06 2,7926-05
14,00 0,9580 0,0812 -4, 2806-06 2,78%-05
15,00 1, 0387 0,0905 -4, 532 -06 2,7706-05
16,00 11184 0, 1006 -4, 800E-06 2,756E-05
17,00 1, 1958 0.1114 -5, 08SE-06 2.13%-05
18,00 1. 2694 0,1230 -5, 384E-06 2,121E-05
19,00 13379 0,1355 -5, 698E-06 2.700€-5
20,0 1, 4001 0, 1487 -6, 024E-06 2, 676E-05
21,0 1547 01629 -6,361€-06 2. 649-05
22,00 1,5010 0,179 -6,707E-06 2, 6186-05
2,00 1,5383 01939 -1, 059 -06 2, 5826-05
24,00 1,5662 0.2108 -1, 413E-06 2, 5426-05
2,00 1,5845 0, 2287 -1.767€-06 2 49TE~05
26,00 1.5934 0,2476 -, 114E-06 2, 446E~05
21,00 1,5932 0, 2676 -8, A49E-06 2.388-05
28,00 1,5845 0,2887 -8, 764€-06 2,3236-05
29,00 1. 5679 0,3109 -9, 052E-06 2 251805
30,00 1.5442 0,3344 -0, 304€-06 2, 170E-05
31,00 1,5142 0,359 -9, 507E-06 2,0796-05
32.00 1, 4789 0 3850 -9 652€-06 1. 979%-05
33,00 1, 4392 0, 4122 -9 7123t-06 1, 869%€-05
30,00 1.3957 0, 4408 -9, 708€-6 1. T4%-05
35,00 1,349 0,4708 -0,591E-06 1,618¢-05
36, 00 1.3011 0, 5023 -9, 527€-06 1, 477€-05
37,00 1.2513 5352 -8, 992€ 06 1.325€-5
38,00 1. 2006 0, 5697 -8, 483t-06 1, 165€-05
39,00 1 1495 0, 6056 -1, 820€-06 9, 96%-06
40,00 1. 0984 0, 6432 -6, 995E-06 8, 228E-06
1.0 1. 047 0,6823 -6, 005E~06 6, 88E-06
42,00 0,9978 0,7230 -4, 852606 4, 654E-06
43,00 0. 9487 0.7652 -3, 546E-06 2 814E-06
a4, 60 0. 9008 0. 8050 -2, 058E-06 1, 136£-06
45,00 0.8542 0.8543 -5. 289¢-07 -5,316E-07
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TABLE A-14, KEVLAR 49 POISSON'S RATIO AND THERMAL
EXPANSION (VF = 0, 60)

— - PR — < e T

ALPHA UXY UYx AX AY
0.00 0,2120 0. 0189 -2, 735E-06 2 821E-05
1.00 0 2762 0,0192 -2, TA4E-06 2,820-05
2,00 0, 2887 0,201 -2, 770E-06 2,6206-05
3.00 0.3095 0, 0216 -2, B13E-06 2, 819E-05
4,00 0.3384 0, 0237 -2, 814E-06 2,817E-05
5,00 0,3734 0, 0264 -2, 952€-06 2, B15E-05
6,00 0, 4201 0, 0298 -3, 047E-06 2, 812-05
.00 0, 4722 0, 0337 -3, 160£-06 2, 808E-05
8,00 0.5313 0,0383 -3, 291€-06 2. 804E-05
9,00 0.5969 0, 0435 -3, 43%-06 2,799E-05

10,00 0. 6683 0, 0494 -3, 605E-06 2,794E-05
1100 07447 0,039 -3, T68E-06 2, 781E-05
12,00 0, 8251 0. 0032 -3, 989E-06 2, 77905
13,00 0, 9084 0,0711 -4, 208E-06 2, 1706-05
14,00 0,9933 0,079 -4, 4A4E-06 2.760€-05
15,00 1,0784 0, 0890 -4, 697E-06 2,748€-05
16, 00 1,1623 0,991 -4, 967E-06 2, 134E-05
17,00 1, 2434 0 1100 -5, 253E-06 2, T18E-05
18,00 1,3203 0, 1216 -5, 554E-06 2,69%-05
19,00 1,3914 0, 1341 -5, 870€-06 2,67%-05
20,00 1, 4554 0, 1474 -6, 198¢-06 2,655€-05
21,00 15113 0, 1616 -6, 538E-06 2, 3E-05
22,00 1,5580 0, 1767 -6, 887E-06 2,597€-05
23,00 1,5951 0, 1927 -1, 242E-06 2, 562E-05
24 00 1 6220 0, 2097 -1.601E-06 2, 522-05
2500 1 6287 0,2216 -1, 958E-06 2, 417E-05
26,00 1, 6455 0, 2466 -8 310€-06 2, 426E-05
21 00 1,6428 0, 2667 -8, 650E-06 2, 368E-05
28,00 1,6312 0, 2880 -8, 971E-06 2,303e-05
29,00 1,6115 0,3103 -9, 265E-00 2, B1E-05
30,00 1, 5846 0,3339 -9, 5231.-06 2, 1506-05
31,00 1,5514 0, 3587 -9, 733E-06 2, 060E-05
32,00 15129 0,3849 -9, 884E-06 1, 960€-05
33.00 . Laroo 0, 4123 -9, 963E-06 1, 850€-05
34,& 1, 4235 0, 4412 : -9, 954€-06 1, 729E-05
35,00 13744 0.4715 -9, 844 06 1, 598E-05
36,00 1.3234 0,.5032 -9, 616E-06 1, 456E-05
31.00 1,211 0, 5365 -9, 257E-06 1,3056-05
38,00 1, 2181 0,5714 -8, 753¢-06 1, 144E-05
39,00 1, 1649 0,6078 -8, 093E-06 9, 751€-06
40,00 1, 1120 0, 6459 -1, 211E-06 8, 003t -06
41,00 1. 05% 0, 6856 -6, 281€-06 6, 215E-06
42,00 1,0081 0.7270 -5, 128€-06 4, A13E-06
43,00 0.9517 0.7700 -3, 819-06 2,625E-06
44,00 0.9085 0, 8146 -2,367E-06 3,792e-07
45,00 0. 8609 0. 8609 -1, 920e-07 -1.947E-0
68
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- ANGLE BRACKET STUDY

Tension fittings, frequently referred to as ''bathtub' fittings (Figure B-1),

; provide an effective method of transferring axial load across removable

i helicopter joints, This type of fitting is commonly fabricated from metals
whose strength and stiffness are essentially the same in all directions (i.e.,
they are isotropic and homogeneous),

WALL g WAL

Figure B-1l, ''Bathtub'" Tension Fitting

z The design and fabrication of similar fittings from reinforced composites
e * present several problems that do not arise in the design of metal fittings:

e The strength and stiffness of composite materials depend on
fiber orientation,

e The bearing and shear strengths of composites are low in
comparison with their unidirectional tensile strength and the

<
L
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i f .

L ¢ tensile strength of metals,
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e The three-dimensional state of stress that exists in composite
fittings complicates the analysis of these structures.

¢ The failure modes of composites are different from those of
metals,

A major problem in designing attachment fittings using reinforced composites
is "turning the corner,' A simple example is the bolted angle bracket shown
in Figure B-2. In bolted angle brackets, a tension load applied to one leg of
the angle is reacted by a shear load in the other leg., As a result of the
inherent eccentricity, a bending moment is present in both legs and, in
particular, in the radius of the angle. In composites, the transfer of the
load from tension in one leg to shear in the other and the transfer of the
bending moment around the corner limit the strength of the fitting because
composites possess nonuniform properties, The situation is complicated by
several discontinuities:

e The tension bolt-washer interface

e The turn-the-corner problem

e The load distribution around the hole

e The material behavior
This problem had to be solved in order to design effective composite tension
fittings, An analytical solution was required, along with experimental data

to verify the accuracy of the analysis.

METHODOLOGY

The nature of the stress field in the corner of an angle bracket was

investigated using several theoretical methods including classical two-

dimensional thin laminate theory, thick laminated plate theory, and cylindri-

cal shell theory., Results obtained using the two-dimensional classical theory .
were comparable with parametric study results obtained using finite element

models C-1 and C-2.
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Po = APPLIED TENSION LOAD

|‘4o = MOMENT DUE TO ECCENTRICITY e

Turning the Corner

Figure B-2,
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When a pure axial tension load is applied to an angle bracket (Figure B-3),
the internal axial, shear, and moment loads vary as a function of the bend
angle 6. These loads are simply:

N, = N_ cos®H

0 0
Se = N0 sin ©
M6= NO R (1l - cos 8)

where the distance to the center of the laminate is R = Ry + t/2. At high
values of 6, the shear and moment loads will create critical interlaminar

shear and transverse tensile stresses, These effects will be discussed
with the NASTRAN results,

The reduced stiffnesses of an orthotropic lamina in a flat composite plate
are:

E

1
Q =
11 1 v12 v21
o - e®a 0 val
12 1 -vipvy LoV
Q = EZ
22 1 - VIZVZI
Qo6 = C12
where
El' E2 = Young's moduli in one and two directions, respectively
vii T Poisson's ratio for transverse strain in the j-direction
J when stressed in the i-direction
G12 = shear modulus in the 1-2 plane
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N, = NORMAL STRESS
S, = SHEAR STRESS
M. = MOMENT

R, = INSIDE RADIUS

=

o @ @ @

R = AVERAGE RADIUS

N, = APPLIED LOAD "

t, = THICKNESS OF k™" LAMINA
h, = DISTANCE FROM AVERAGE RADIUS TO k™ Lammna L

!

DETAIL A

Figure B-3, Internal Loads in the Corner Region
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Laminated bending stiffnesses are defined as

—

N
D=3 Z (aij)k (hi - hli-l)

k=1

where Q;: are the reduced stiffnesses when transformed to a rotated x-y
axis and g‘nk is defined in Figure B-4. v

/LAYER NUMBER

1 1 '
t/2 ho 1 {7 MIDDLE SURFACE
h
o
- , t
[ '_!hk-l‘hk h

K n-1 hn
b 4 v

Figure B-4, Laminate Geometry

The normalized tangential stress in the corner of an angle bracket is

0
o D 4 Q

k
0_6 t(R + t/2) [1 - cose] (hk + tk/Z) cos®

k
00 Qoo 66

(=]

where Dgg and Qgg are equal to Dy and Oy,, respectively, and oy = Nyp/t.
At 6 equal to 0 degrees, there is no bending stress component, as expected,

Similarly, the normalized interlaminar shear stress in the corner region
was evaluated as

k ]
T .

r6 tsin® 2 2| .k
— = S& (tlz) - (hk + tklz) JGre

0 ro
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where G,g is the laminate shear modulus using the radial coordinate
system, Given a particular lamina, the value of Tl;'e/o-o varies as a function
of sin 6,

Despite the relative simplicity of these equations, the results show excellent
ék agreement with results obtained using the NASTRAN C-1 and C-2 preprocessor
models developed for this contracted effort,

FINITE ELEMENT MODEL

i Modeling Considerations

¢ The finite element model of the angle bracket to be investigated was designed
in accordance with the following considerations:

e Since the geometry of the bracket fitting and the applied loads
i are both symmetrical, it is necessary to analyze only half of
%, the bracket, using appropriate boundary constraints,

e To avoid using a dense mesh and yet obtain reliable results in
critical parts of the bracket (parts with high stress/strain

: gradients), higher-order isoparametric solid elements (HEXA,

' PENTA) are employed,

e For modeling purposes, the bracket is subdivided into four parts
(Figure B-5) such that each part can be independently provided
with a mesh size appropriate to its stress/strain gradients,

N e The mesh size for each bracket part is chosen so as to lend
itself to automatic resolution into discrete strips and automatic
numbering by appropriate preprocessors,

° To obtain the magnitude of the interlaminar stresses, several
layers of elements are provided across the thickness of the
bracket to represent the actual laminated construction,

: e The bracket is subdivided along its width into a reasonable number
of uniform strips such that it is convenient to identify critical
zones and, when desirable, possible to extiact and subject
individual strips to detailed interlaminar analysis (Figure B-6).,

Ll
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PART 4

L ¢
Figure B-5. Angle Bracket Subdivision

76

setate spewhs s

L2

PRNEY e ks R R . b e O
PR @{-«‘?ifg‘«é:. Ao §o S 2 OR

. j

P .

CRRACY T R i




R SN e

A Al

L N

e

s S D o iy W

Single-Layer Model

Figure B-6,
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To minimize computer cost, it was decided to develop two FORTRAN
preprocessor programs (C-1 and C-2) capable of automatically forming the
finite element meshes for a given bracket and generating the associated
Bulk Data decks (Figure B-7).

In the first stage of the analysis, the C-1 preprocessor idealizes the whole
(half-symmetrical) bracket into either a single- or a multilayer model with
a given number of strips across the width of the bracket, A full model
NASTRAN can then be conducted.

The C-2 preprocessor simply extracts that part of the C-1 model output that N
is associated with a specific critical strip so that a single strip NASTRAN

can be conducted,

Parametric studies can be run using either the output of the full model
NASTRAN analysis after a C-1 run or the output of the single strip NASTRAN
after a C-2 run,

Note that a separate C-1 run is made for the specific multilayer construction
of the angle in question before the second stage o: the analysis (the C-2 run)
is conducted,

Step-by-Step NASTRAN Procedure

The stepr involved in determining the magnitude of the interlaminar stresses
in any given composite bracket by this two-stage procedure are as follows:

e List the dimensions of the bracket, the dimensions of the ele-
ments for all four regions, and the equivalent solid laminate

material properties,

o Execute the C-1 preprocessor model, entering the above .
information as input, to obtain the bulk data for a single~layer,
multistrip model run,

e Supplement the C-1 output with appropriate Executive Control
and Case Control decks and the required additional Bulk Data
cards to make a data check and plot run with identification num-
bers for grid points and elements,

Pk Y T e e

° Modify the above deck to conduct the full model NASTRAN
for the solid laminate bracket.
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. SECOND STAGE OF ANALYSIS 1 INPUT | FIRST STAGE OF ANALYSIS |
| GEOMETRY |
CHANGE_INPUT | 1 ! CHANGE INPUT
PARAMETERS , 1 PARAMETERS
' I— —————————— ™ C-1 b o e e e — o — ~|
v | CRITICAL |_ ] |
STRIP N
SINGLE- OR MULTILAYER
. | ANALYSIS | \awalrss I
. l MATERIAL PROPERTIES ANC|
l ¢-2 BOUNDARY CONDITIONS
;| LOADS, |
| MATERIAL | |
| | PROPERTIES, AND | |
BOUNDARY
SINGLE FULL
| conorrions__f crarp . MODEL  |—emf PARRMETRIC
| : NASTRAN NASTRAN
[]
| | { $
| '
(]
L _ _ I paraMETRIC
STUDY ! C-1 RESULTS COMPARISON
L T
;, . C-2 |

Figure B-7., Two=-Stage Computer Analysis Flowchart
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e Examine the results to identify regions of high stress/strain
gradients and select the critical strip to investigate interlaminar

behavior.

e Rerun the C-1 preprocessor model for a multilayered mesh that
represents the actual laminated construction,

e Execute the C-2 preprocessor model to extract the multilayer
bulk data for the critical strip, using the results of the second
C-1 model run as input.

e Supplement the C-2 output with the necessary Executive Control,
Case Control, and Bulk Data cards to make a data check and plot
run with elements and grid points labeled.

e Modify the above deck to perform the final single strip NASTRAN
to obtain interlaminar stress results within the critical strip.

FULL MODEL C-1 PREPROCESSOR

The C-1 preprocessor first analyzes the portion of the bracket to the left of
the centerline of the washer and then, in a similar manner, the portion to
the right of the centerline up to the tangent line where the bend starts,
Particular care is taken to ensure that the grid points accurately trace the
circular washer circumference and that the appropriate wedge-shaped ele-
ments (PENTASs) are provided in combination with the solid (HEXA) elements
near the circumference, The cylindrical part of the bracket is then modeled
using diverging HEXA elements and, finally, the loaded leg (Part 4) is
idealized using the rectangular HEXA elements,

The program is capable of modeling up to 25 layers across the thickness of
the bracket.

Coordinate Systems

In order to locate the grid points, to obtain a printout of node displacements
along desired directions, and to account for specific material orientations,
five coordinate systems are employed (Figure B-8), These coordinate sys-
tems are defined by NASTRAN CORD2 Bulk Data cards, and their ID num-
bers are appropriately referenced when the related GRID and PSOLID cards

are input. These five coordinate systems are:

e The basic rectangular coordinate system, with its origin placed
directly below the left rear corner of the angle such that the xyz
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BASIC RECTANGULAR
CYORDINATE SY'TEM (D

LOCAL CYLINDRICAL COORDINATE
SYSTEM @ USED TO LOCATE GRID POINTS
ON CYLINDRICAL PART OF BRACKET

THREE LOCAL COORDINATE SYSTEMS USED TQ DEFINE
ANISOTROPIC MATERIAL PROPERTIES OF SOLID ELEMENTS
THAT CONSTITUTE PAPTS 1 AND 2 ) , PRT 3 @ ,
AND PART 4 (®

Figure B-8, C-~1 Coordinate Systems
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coordinates of all grid points have positive values, The grid
points of all the flat regions (Parts 1, 2, and 4) are located with
reference to this system, which is directed by an appropriate
entry in Field 3 of the GRID card. The displacements, degrees

4 of freedom, and constraints at all grid points are also defined

b ; with reference to this basic coordinate system by making a corre-
E sponding entry in Field 7 of the appropriate GRID cards.

e A local cylindrical coordinate system (defined with reference to
the basic system described above) used for locating the grid
points on the cylindrical part of the bracket. Field 3 of the
corresponding GRID cards defines this system,

e Three local coordinate systems (also established with reference
to the basic system) used to define the anisotropic material
properties of the solid elements constituting Parts 1 and 2,
Part 3, and Part 4, respectively, of the bracket, Systems 3 and 5,
which arc rectangular, correspond to the flat parts, and System 4,
which is cylindrical, pertains to the curved part,

o3
o AT TR 5 MK S S0t £ e s T

B These systems are referenced on the appropriate PSOLID card,
which in turn references the corresponding MAT9 card, The
orientation of these systems was selected such that Direction 1

is consistently normal to and radiating out of all elements of the
5 bracket, All laminae composing the bracket are thus parallel to
5 Plane 2-3 of the related material coordinate system at all loca-
tions, This orientation, which is dictated by the geometry of the
cylindrical part, allows the material properties of any continuous
lamina to be defined in a consistent manner,

The NASTRAN program prints out the element stresses in
directions parallel to the corresponding material coordinate

systems,

z
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Grid Point and Element Numbering Schemes

Ay

RYE

The C-1 preprocessor model lays out the mesh and assigns identification
numbers for the grid points and elements at the top and bottom of each layer,

E>:
¥

P

as illustrated (for a single-layer model) in Figure B-9, First, the grid
e points on the bottom surface of Part 1 are numbered, starting from the
washer centerline and proceeding in a sweeping fashion in the -x direction
’, toward the free edge. The numbers are assigned consecutively, starting
' with 1, The program then moves to the top surface (in the +y direction),
% increments the ID numbers by 10, 000, and assigns grid point IDs in the

3 same manner as for the bottom surface.
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For models with more than one layer, the program moves up one layer at a
time until it reaches the top surface. The elements for Part 1 are numbered
following the same general directions as for the grid point numbering.

After the grid points and elements of Part 1 have been numbered, the program
provides grid point IDs for the bottom surface of Part 2, starting with num-
ber 1001 and moving from the washer centerline to the tangent line, The
numbers of the nodes one layer higher are incremented by 10, 000, and the
element IDs start with 11, 001,

The grid points for Parts 3 and 4 are given numbers consecutive with those
agsigned to Part 2, The element numbers for Part 3 start with 2001 and
those for Part 4 start with 3001,

The ID numbers given to grid points near the washer should be carefully
noted because that area is numbered according to a modified scheme to
account for the circular boundary and the wedge-shaped elements required
to model it,

C-1 Input Data

The user essentially specifies the basic dimensions of the bracket and the
desired fineness of the mesh by giving the number of divisions along the
three axes for each of the four parts of the bracket, The required input
parameters are defined as:

Width (W) = Width of the modeled half-symmetrical bracket, which
remains uniform over all four parts.

A = Typical element dimension in the width direction, also
uniform over all four parts,

Thickness of the ith lamina, entered as T(1), (T2),...,

Thickness (Ti)
T(n), starting from the bottom,

Layers = Number of laminae making up the total thickness., Up
to 25 layers may be specified (Default = 1),
D = Distance from the free transverse edge to the center of
ew ‘s "
the washer defining the limits of Part 1.
A = Typical element dimension in the D, direction. Along
ew . . . .
with A, this parameter establishes the mesh density
in Part lo
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R = Radius of washer or circular opening in the model.

DWt = Distance from the center of the washer to the tangent
line defining the limits of Part 2.

AL ® Typical element dimension in the Dy, direction. Along
' with Ay, this parameter establishes the mesh density
: in Part 2.
‘; 2 Rb = Inside radius of the cylindrical part (bend radius),
1

Ag = Typical angle (in degrees) subtended by the radial faces
of the converging elements of the cylindrical part.
Along with A, this parameter establishes the mesh
density in Part 3.

Dlt = Distance from the transverse loaded edge to the closest
tatigent line, This parameter defines the limits of
Part 4,

Alt = Typical element dimension in the Dy direction. Along
with Ay, this parameter establishes the mesh density
in Part 4,

Tolerance = This parameter controls the element dimensions while
fitting the elements in around the circumference of the
washer., It defines the minimum length to which the
side of an element may be reduced, or the maximum
length to which an element may be increased to meet
the circular boundary,

Actual data input to the C-1 preprocessor consists of the names of the
parameters (Table B-1) and their respective values, entered in free format
and in free order., Lines 898 through 901 of the program listing, presented

) as Appendix C, constitute an example of user data input (this example corre-
sponds to the bracket illustrated in Figure B-9). An echo of the input param-
eters is printed along with the run cutput.

LS ot
:

A comprehensive flow chart showing the sequence of program operations is
given in Appendix D,
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] TABLE B-1. INPUT PARAMETER NAMES
Input Parameters Parameter Names
Fh Width WIDTH
é Ay DELTAX
Thickness T(i) T()
Layers LAYERS
Dow HT2
Ldow DELTY?2
Ry RADIUS
: Dyt LEGX]!
| Ayt DELTAY
Rb BEND
Ag DELTAT
D), LEGY
Alt DELTAZ
Tolerance TOLER

Job Control Statements

The first part of the C-1 model JCL (job control list) is a command to
execute FORTRAN programs, and the second pa 't specifies the disposition
of the output (save or dispose), The JCL for th source program listing
shown in Appendix C is valid for the IBM 360/370 computer. Lines 1 and 2
! show the user ID and the Execute FORTRAN command. ULines 895
through 897 specify that Tape Unit 7 be saved and catalogued on on-line disk
pack WYLBUR. Tape Unit 7 contains the NASTRAN Bulk Data card images,
which are to be used for the subsequent stress analysis run.
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Typical C-1 Output

The program produces three types of output: an echo of the input parameters,
error messages, and the Bulk Data cards CHEXA, CPENTA, GRID, and
CORD2ZC, printed in 8-column NASTRAN format, The first two types of out-
put are written on Tape Unit 6 and are printed along with the preprocessor
run, and the bulk data is written on Tape Unit 7 and saved on an on-line disk
pack to be supplemented with additional data for the subsequent NASTRAN
run, Appendix E shows the C-~1 modei preprocessor program output, and
Appendix F presents the bulk data generated by the program.

FULL MODEL NASTRAN

To conduct a full model NASTRAN, the Bulk Data cards generated by the
C-1 preprocessor model must be supplemented by appropriate Executive
‘Control, Case Control, and Bulk Data cards defining the boundary conditions,
material properties, and loading,

Boundary Conditions

Figure B-10 shows the constraints imposed on the bracket:

e The top edge of the free transverse side is restrained from
motion in the vertical direction (U2 = 0).

e The washer boundary (circular opening) is assumed to be rigidly
constrained (Ul = U2 = U3 = 0) along both the top and the
bottom edges.

e Since only half the bracket is modeled (because of structural
and loading symmetry), appropriate boundary conditions
(U3 = 0) are imposed on all grid points along the face of
symmetry.

All these constraints are effected by including additional SPC1 cards in the
Bulk Data deck and the corresponding SPC card in the Case Control deck,
Since HEXA and PENTA elements relate only to the translational degrees
of freedom (1, 2, and 3), the GRDSET card is used to constrain all the
rotational degrees of freedom (4, 5, and 6) and thus prevent the singularity
problem,
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Figure B-10, C~1 Boundary Conditions
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Material Properties

The bracket construction is defined by including PSOLID and MAT9 cards in
the Bulk Data deck, The appropriate material coordinate system is input on
the PSOLID card, and a symmetric 6 by 6 material property matrix Gy; is
input on the MAT9 card to define the anisotropic properties of the solid,

i isoparametric elements, For the laminated bracket, the Gij matrix is

defined as
, o
, (1= vy g vap)Ey (Vo) Vo3V )y (Vg v vpven)Eyp 00 00 0
. v \Y Vv
[ .
‘ (1= vavigdEyy (vap + v )E,), 00 00 0
1% vV
f
E (1-via¥a)Eyy O 0 0
G..|=
(6] ;
G, 0 0
SYMMETRIC
Gy, O
N 3 |
. where
* v=1 - v % -2

Y12 V21 " Y23 V32 T Y31 V13 T ‘Y12 Y233

for the kth lamina

[- k]
:: * 1

n
—
-
A
—
—_
0
-
-
H
.
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where

and

m

n

cos 6

sin 6

0 0
n2 0
m2 0
0 m
mn 0
0 n

2mn

-2mn

where the transformation matrix ’I‘k for the kth lamina define a rotation
about the x axis as illustrated in Figure B-11,

X,1
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Figure B-11,
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Applied Loads

PR S A

Two load conditions were imposed on the C-1 bracket model:

oy
i

e A uniformly distributed tension load across the loaded transverse
edge (Figure B-12a)

A uniformly distributed clockwise couple across the edge to
compensate for eccentric tensile loads (Figure B-12b)

e =

i Y

n0/2 n0/2 mo/2t m0/2t

Y RS

i g R
[ ]

LSO TRt
P e e T

a)

Figure B.12, Load Conditions
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These loads are applied by including FORCE cards in the Bulk Data deck and
the corresponding LOAD cards in the Case Control deck.

32

Bandwidth (Wavefront) Optimization 4

It is advisable, especially for large models, to employ a bandwidth or
wavefront minimization subroutine to make optimal use of computer
resources. With the MSC NASTRAN program, this is accomplished by
using a NASTRAN preprocessor card (parameter PREOPT = 1),

C-1 Data Check and Plot Run ;

* Before making a solution run, it is desirable to examine the preprocessor-
produced finite element model by making a data check and plot run using
. several carefully selected points. Appendix G shows the NASTRAN data
' deck setup for making a data check and plot run and the undeformed structure

plots produced.

PPN

Care should be taken to save the plot files by inputting the proper job control
statements,
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NASTRAN C-1 Solution Run

To make a NASTRAN solution run, the following cards must be added to the
Bulk Data deck generated by the C-1 preprocessor:

e NASTRAN wavefront optimization card (PREOPT = 1)

e Executive Control deck

e Case Control deck \
e  Additional Bulk Data cards:

- CORDZ2R cards to define the material coordinate systems

- GRDSET cards to constrain the redundant degrees of
freedom (4, 5, and 6)

- FORCE cards for the two loading cases
-  MAT9 material properties cards

-  PSOLID cards for the various groups of solid elements

- SPC! cards to impose the necessary boundary conditions

ENDDATA card s

The printout from a NASTRAN solution run, including an echo of the completed
input data decks, is presented in Appendix H. This output corresponds to the
bracket model shown in Figure B-9,

SINGLE STRIP C-2 PREPRCCESSOR

The C-2 model preprocessor was developed to postprocess the data generated .
by the C-1 preprocessor model, Its functicn is to extract the bulk data for
a particular strip out of the multilayered full bracket model.

The user specifies the sequence number of the desired strip (parameter »
ISTRIP), starting from the free edge, and the total number of strips

(parameter ISTRPS) that comprise the bracket model. The grid point and

element ID numbers previously assigned are retained for the C-2 run,
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The program reads the C-1 bulk data generated for the full bracket model
and identifies and outputs the GRID, CHEXA, and CPENTA cards (the
CORDZR cards are also extracted) for all layers belonging to the desired
strip, which terminates at the washer opening, The corresponding part of
the model on the other side of the washer opening is assumed to have no
significant influence on the results because the washer is assumed to
completely restrain the bracliet along its circular boundary,

The C-2 model preprocessor program consists of approximately 120 FORTPAN

statements (see Appendix I for the program listing)., A detailed flowchart

that explains the logic and sequence of program operations is presented in
Appendix T,

Figure B-13 illustrates the "multilayer' input data required for the separate
C-1 run necessary to produce the major input data for the C-2 preprocessor
model,

Job Control Statem:\n_tﬁ

The C-2 model preprocessor has a two-part JCL similar to that of the C-1
preprocessor, The first part contains the user ID and the Execute
FORTRAN command, and the second part specifies the disposition of the
output (save or dispose), The C-2 JCL also manages two tape units: Unit 1
(input) contains, in card format, the bulk data generated by the C-1 pre-
processor for the full (multilayer, multistrip) bracket model, and Unit 2
(output) stores the bulk data extracted for the critical strip and later outputs
it for NASTRAN analysis, Lines 113 through 116 of the program listing
(Appendix 1) show some of the job control statements, and line 117 specifies
the desired strip number and the total number of strips in the bracket model.
On-line disk pack WYLBUR is employed to read the specified Bulk Data cards
and write the selected Data cards,

The program designates Tape Units 5 and 6 as the current input and output
units, in the usual fashion,

Typical C-2 Output

This program produces two types of output: an echo of the input parameters,
which is written on Tape Unit 6 and printed along with the preprocessor run,
and Bulk Data cards CHEXA, CPENTA, GRID, and CORD2C, printed in
typical 8~-column NASTRAN format., (Note that the program assigns a PID
(property ID) value of 1, 2, or 3 on the CHEXA and CPENTA cards for the
bottom layer and increments by 10 for each subsequent layer above.) This
bulk data is written on Tape Unit 2 (input) and saved on on-line disk pack
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&PARAMS

T(1) = 0.01,

T(13) =
LEGXY =

27 DELTAY = 0.09,

DELTAZ = 0\7 DELTAX = u.1,
& END

NOTES:

COLUMN 1 MUST BE BLANK FOR ALL PARAM CARDS.

&PARAMS IS ENTERED IN COLUMNS 2-8 AND &END IN COLUMNS 2-5.
THE VALUES OF PARAMETERS HAVE FORMAT F8.4; THUS, THERE SHOULD BE NO MORE
THAN THREE DIGITS TO THE LEFT OF THE DECIMAL AND NO MORE THAN FOUR DIGITS

1
2.
3

TO THE RIGHT.

T(2) = 0.01, T(3) = 0.0
T(7) = 0.005, T(8) = 0.01, T(9)
.01, LAYERS = 13, WIDTH

OIS AT -reson g B T < e

BEND
TOLER

ALL 13 PARAMETERS AND ONE THICKNESS PER LAYER MUST BE SPECIFIED; THE

DEFAULT VALUE FOR LAYERS

Figure B-13,

EQUALS 1.

Sample Input Data for Multilayer
C-1 Model Preprocessor Run
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WYLBUR, as previously described, and additional data "s appended for the
subsequent NASTRAN run. The program listing and output are shown in
Appendix K. '

“INGLE STRIP NASTRAN

In order to conduct a single strip NASTRAN, the Bulk Data cards gene=-
rated by the C-2 model preprocessor must be supplemented with suitalle
Executive Control and Case Control decks and Bulk Data cards that define
the boundary conditions and material properties,

Boundary Conditions

Three types of boundary conditions must be imposed:

The grid points lying on the exposed surfaces (top and bottom)
must be subjected to the same constraints as they were during
the C-1 model analysis, These constraints are effected by
including the appropriate SPC (or SPC1) and GRDSET cards,

The rest of the grid points on exposed surfaces, which were
unconstrained during the C-1 model analysis, are subjected to
the same finite displacements (T1, T2, T3) as during the corre-
sponding C-1 model analysis. This condition is effected by
including the appropriate SPC cards.

The interior grid points newly produced by the multilayered
construction are interlinked to the exterior grid points by
continuous RSPLINE elements along all the straight lines across
the thickness of the bracket., It was assumed that RSPLINE ele-
ments would provide a more realistic boundary condition for the
single strip analysis (than MPC or RBE elements), and the few
test runs carried out confirmed this assumption.,

Note that no loads need be applied for this analysis; the model is deformed
under the influence of displacement boundary conditions,

Material I"roperties

The number of MAT9 cards required equals the number of types of layers

that comprise the angle bracket, The number of PSOLID cards required
equals the number of sets of PID values assigned to the various CHEXA and
CPENTA elements by the C-1 preprocessor program. Three groups of
PID values corresponding to three parts of the angle bracket are shown in
Figure B-14,
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Figure B-14, Critical Strip Model
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Dummy Elements

Since all grid points in the single strip model are subjected to either a
single- or multipoint constraint, NASTRAN would be unable to initiate
execution without a valid A-SET matrix. Three CBAR elements are input
to define the additional grid points required.

C-2 Data Check and Plot Run

The output produced by a NASTRAN data check and plot run and the undeformed
plots produced are shown in Appendix L,

NASTRAN C-2 Solution Run

To conduct a NASTRAN solution run, the bulk data generated by the C-2
model preprocessor must be supplemented with the following cards:

e NASTRAN wavefront optimization card (PREOPT = 1)
e Executive Control deck
e Case Control deck
e  Additional Bulk Data cards:
- CORDZ2R cards to define the material coordinate systems

- GRDSET cards to constrain the redundant degrees of
freedom (4, 5, and 6)

- Additional GRID, CBAR, PBAR, and MATI! cards to provide
for the required dummy elements

- MAT9 material properties cards
- PSOLID cards for the various groups of solid elements

- SPC, SPC1, and RSPLINE cards to impose the necessary
boundary conditions

- ENDDATA card
Part of the printout from a NASTRAN C-2 solution run, including an echo

of the completed input data checks, is presented in Appendix M. This
example corresponds to the angle bracket shown in Figure B-9,
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NASTRAN RESULTS

Throughout this study T300 graphite/5208 eposy was used for the test case.
The stacking sequence [0#/45#/0#] was used, where the symbol # stands
for ¢rossplied fabric, Two load cases were examined: a uniform tension
load and a uniform clockwise couple, The sample ten-strip model executed
by the NASTRAN plotter ic shown in Figure B-15, The following geometries
were used: ‘

T. = thickness of the ith lamina (0,14 inch TYP)
R, = bend radius (0,125 inch)
R = washer radius (0.219 inch)

D ¢ = distance from the center of the washer to the tangent line
Wt (0,249 inch)

D = distance from the free transverse edge to the center of the
washer (0,40 inch)

D, = distance from the transverse loaded edge to the closest
tangent line (0,249 inch)

Width = width of the modeled half-symmetrical bracket (1.0 inch)

/

/ T300 GRAPHITE/5208 EPOXY

[o 4/45,/0 #] 3

\\ ll[
3]
013§ 4 & v
) 73 Re3t¥ ]
LX 74 Al n
.
B Poar s of ik o
4
\

Figure B-15, Sample Ten-Strip Model
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e Using the C-1 model preprocessor, the NASTRAN data output from the uniform
tension load case was plotted in such a way that it could easily be compared

’ with data derived from mathematical theory.

.

ﬁ { In Figure B-16 the tangential stress ¢ /crO is plotted versus bend angle along
1‘5 the centerline strip; it is most critical at the inner surface and its gradient

b peaks at 6 = 75 to 85 degrees. Interlaminar shear stress is also expected

to be most critical at this location. (All stresses plotted in these figures
have been normalized. )

-

_2
é
§ 1.5
§ ACE~7/
¥ 1.0 w4
| o 7
‘ 2
; & 0.5
| "
: 0
I
: » \ N CENTER OF
= | | ELEMENT
E -0.5 AN
? 8 INNER SURFACE
i F .1.0 N
| 1.5 AT CENTER OF ELEMENT
' = 1e9” e = .—=AT QUTER SURFACE
: = AT INNER SURFACE &
2.0l |
5 15 35 45 55 65 75 85
. BEND ANGLE, DEGREES

Figure B-16, Tangential Stress Versus Bend Angle
" Along the Centerline Strip: Uniform
Tension Load Case
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In Figure B-17 this same stress is plotted versus angle width at

0 = 85 degrees (angle of maximum stress). This stress and its gradient
e (slope) appear to peak at the inner surface and closest to the centerline of
‘:; the angle.
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Figure B-17. Tangential Stress Versus Angle Width:
Uniform Tension Load Case
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In Figure B-18 the interlaminar shear stress 7. /<rO 15 plotted versus beund
angle. The shear stress reaches a maximum at & = 85 to 90 degrees and
remains relatively constant across the thickness of the laminate as evidenced
by the positive correlation of the curves,

2.5 )’
o 2.0
2
TR
W 1,5
£
(7]
3
5 1.0 o
3
z SHEAR AT CENTER
% 0.5 &= OF ELEMENT
- Qg SHEAR ON UPPER u
i AND LOWER SURFACES
= !
10 20 30 40 50 60 70 80 90

BEND ANGLE, DEGREES

Figure B-18, Interlaminar Shear Stress Versus Bend Angle:
Uniform Tension Load Case
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In Figure B-19 this same stress is plotted versus angle width at the angles
indicated. At 6 = 5 degrees, the stress i§ makimum at the edge of the

angle and decreases toward the centerline, At all other angles, the stress
increases to a maximum at the centerline, The transverse shear strength

Tyg 18 directly proportional to the interlaminar shear strength.

INTERLAMINAR SHEAR STRESS 1')Q,/<1O

0.1 0.2 0.3 0.4 0.5
ANGLE WIDTH, INCH

Figure B-19, Interlaminar Shear Stress Versus Angle Width:
Uniform Tension Load Case
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Theé normal stress (normal to the laminate surface) ox/ao is plotted versus
bend angle in Figure B-20, In general, this is a compression field; however,
at bend angles up to 6 = 15 degrees a low-magnitude tension field is present
near the centerline of the angle (Figure B-21), Interlaminar tension can
only occur in the flat area between the applied load and the bend angle, acting
perpendicular to the applied load.
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Figure B-20, Normal Stress Versus Bend Angle:
Uniform Tension Load Case
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Up to this point the €-1 model has been used to study the displacement/load
distribution by measuring the stresses and their gradients, In reducing the
data, the study was focused on the areas of primary interest, the locations
at which a delamination could begin,
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Figure B-21, Normal Stress Versus Angle Width:
Uniform Tension Load Case
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To determine the magnitude of the interlaminar stresses, a C-2 run was

executed on the centerline strip of the ten-strip test model (see Figure C-22),

Interlaminar stress analyses can be carried out on any layer or, in some
cases, the entire model can be analyzed layer by layer. In some instances
more than one lamina of the same type with the same orientation are lumped

" together into a single layer to reduce computer costs.
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Figure B-22, Laminated Centerline Strip of the
Ten=Strip Test Model
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The interlaminar shear stress 7, /(ro along the bend angle is shown for all
nine laminae in Figure B-23. The lamina nearest the inner surface is
identified as L0, the next is L1, and the lamina nearest the outer surface
is L8, Zero-degree crossplied fabiic laminae are represented by the even
numbers (and zero), and the 45«degree crossplied fabric laminae are
represented by the odd numbkers. The interlaminar shear stress peaks
between the L0 and Ll laminae at ¢ = 75 degrees,
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Figure B-23, Interlaminar Shear Stress Versus Bend Angle:
Uniform Tension Load Case
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In Figure B-24 the interlaminar shear stress through the laminate thickness
is shown at 6 = 5 and 75 degrees, These stresses are very nearly equal at
the outer surface.
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INTERLAMINAR SHEAR STRESS rx.y/a0

0 /‘
-1.0
NL_1
-2.0

o 0.2 0,4 0.6 0.8 1,0
LAMINATE THICKNESS T,/T

Figure B-24. Interlaminar Shear Stress Through the Laminate
Thickness at 6 = 5 and 75 degrees: Uniform
Tension Load Case
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Normal stress along the bend angle is shown in Figure B-25, This stress
is chiefly in compression, but it is in tension up to about 8 = 15 degrees.
In the flat region up to 0 = 0 degrces, this stress is maximum and is
o
3 (;—l) = 0.1333
i 0
]
0 i q )
.i | —
2 -
NS
N
NN A\
N
NI\ L8
L7-1
\§\ — 16
§ — L5
\ A\ . ———L4
ss::;-"--L3
\\\:E-Ll
=104
0 10 20 30 40 50 60 70 80 90

BEND ANGLE, DEGREES

Normal Stress Along the Bend Angle:

Figure B =25,
Uniform Tension Load Case
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Normal stress along the centerline strip is shown at 8 = 5 and 75 degrees
in Figure B-26, At 6 = 5 degrees this stress is an interlaminar tension
with a magnitude of approximately 0. 05,

; 0.1
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{ Figure B~26. Normal Stress Through the Laminate
Thickness at 0 = 5 and 75 degrees:
i Uniform Tension Load Case
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Uniform clockwise couple load cases were also run using the C-2

preprocessor model,
angle in Figure B-27,
has a magnitude of

Interlaminar shear stresses are plotted versus bend
This stress, which peaks at 6 = 0 to 5 degrees,

+ L0, Ll
(Ux ) = (0.446 + 1.580)/2 = 1.013
0

2.0
bo LO\
* L8 = Fe—..
6 1.0 \
» Nimt =
e 0
w L6 o e 1
Z =T ==
g Lt ==
§ -1.0 -L4 - SURFACE
&
o
E -2.0

0 30 60

Figure B-27

BEND ANGLE, DEGREES

+ Interlaminar Shear Stress Versus Bend Angle:

Uniform Clockwise Couple Load Case
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NORMAL STRESS ax/oo

Normal stress is plotted versus bend angle in Figure B-28, This stréss, a

compression field, is rather uniform all along the bend angle,
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Figure B-28, Normal Stress Versus Bend Angle: Uniform
Clockwise Couple Load Case
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PARAMETRIC STUDIES

Parametric studies were conducled using the C-1 preprocessor model to
determine the influence of various design parameters (Table B-2), The
finite element model used for these studies varied somewhat from that
described previously; five strips were used instead of ten. This coarser
grid gave results comparable with those obtained using the ten-strip model,
at one-fourth the cost in computer time,

The parametric study was based on the behavior of the in-plane tangential
stress gradient 9c,,/9(r0) and the interlaminar shear stress Tyyr Which
determines interlaminar shear stress recovery., Tangential stress cy/co
is plotted versus bend angle for varying thickness-tn-bend radius ratios in
Figure B-29. It can be seen that the tangential stress gradient decreases
with increasing thickness-to-bend radius ratio; therefore, the larger the

laminate thickness and the lower the bend radius, the smaller the inte. laminar

shear stress,

TABLE B-2. PARAMETRIC ANALYSIS

Bend Washer D D D
Run Radius, | Thickness, | Radius, Stacking w’ wt' A0, ot’
Number inch inch inch Sequence inch inch | degrees inch
! 0,25 0,125 0. 25 [0l7/i458) 0.4 | 0,27 15 0.51
2 0,50 1
0.125 1 0.2 . L2
3 1 0.219 [oﬁ/xs#/oﬁ]3 0. 249 0. 249
4 0,25 [017/“58] 0,27 0,51
Y
5 0,25
6 0,50
7 0,125 [09/:*:4516]
8 [0,5/#45,,]
9 0]
10 45
r \ ] |y \
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‘ Tangential stress is plotted versus bend angle for varying stacking sequences ~

(with all laminae 0,125 inch thick) in Figure B-30, This stress and its
gradient peak at the inner surface (6 = 75 to 85 degrees). The slope of the
3 gradient is lowest for a 0-degree laminate and highest for a *45-degreé
laminate; however, tangential stress itself is highest for a O-degree
laminate, All other stacking sequences fall in between the extremes, A
laminate may be chosen based on these curves, but the minimum thickness
for a given application may depend on other, more important criteria.
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Figure B-30. Tangential Stress Versus Bend Angle
for Varying Stacking Sequences:
Uniform Tension Load Case

Interlaminar shear stress is plotted versus bend angle as a function of
thickness-to-bend radius ratio in Figure B-31, At a bend angle of 90 degrees,
this stress decreases with increasing thickness-to-bend radius ratio. For

a ratio of 1, the stress varies linearly along the bend angle and, up to

about 77 degrees, is the highest shown (note that the gradient is minimal at

77 degrees). For most design purposes, therefore, the thickness-to-bend
radius ratio should be as kigh as possible,
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Figure B-31. Interlaminar Shear Stress Versus Bend Angle for
Varying Thickness-to-Bend Radius Ratios:
Uniform Tersion Load Case

Interlaminar shear stress Txy/co is plotted versus bend angle in

Figure B-32. For bend angles between 0 and 77 degrees, the shear stress

is highest for a 0-degree laminate and lowest Lor a #45-degree laminate,

with the 0/+45 degree laminates falling in between, For bend angles between
77 and 85 degrees, the order reverses such that the peak shear stress, which
occurs at 6 = 85 degrees, is highest for a +45-degree laminate and lowest

for a 0-degree lawinate.

For the [013/t4512] laminate, which corresponds to the quasi-isotropic
lari'mate. the interiaminar shear stress gradient is constant throughout the

range,
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A C-~2 model analysis was performed to determine the influence of the
lamina stacking seqguence on interlaminar stresses. The model consisted
of a 25-ply laminate of T300 graphite/5208 epoxy. The critical strip,
which was extracted from the previous ten-strip C-1 model, was 0.1 inch
wide, Four stacking sequences were studied (Figure B-33),

T
st

T
ety

Interlaminar shear stress is plotted across the laminate thickness for the
four stacking sequences in Figure B-34, Interlaminar shear stress is
independent of the stacking scquence over most of the laminate thickness;
in fact the only discernible difference among the four stacking sequences
occurs near the outer surface, where Sequence 3 appears to show a slightly
lower stress value,
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To verify the importance of the type of laminae used (fabric or tape), a
comparison was made betweeh the fouv configurations shown in FFigure B=33
and a [0#/45#/9#} laminate, The fabric laminate coincides with the others
for laminates between 0.5 and 0. 65 inch thick; however, for all other thick-
nesses it is subjected to much higher interlaminar shear stress levels.
This indicates that the choice of material would be tape.

It should be noted, however, that mixing is very important in keeping the
stresses uniformly distributed throughout the laminate thickness, Stress
gradients are highly sensitive to induced singularities due to any severe
change in laminae properties within a laminate.

EXPERIMENTAL TESTS

The graphite, Kevlar 49, S-glass, and E-glass composite angle specimens
described in Table B-3 were fabricated and tested after 3 to 4 days in the
normal laboratory environment, The tension test setup for these l-inch-
wide specimens is shown in Figure B-35,

Both incipient local matrix failure by delamination in the outer plies of the
corner region and ultimate filament fracture were recorded. Initial matrix
delaminations were audible and were measured as sudden changes in the
slope of the load-deflection curve., These changes of slope were recorded
in two ways:

e Displacement from top of grip to mid-bolt head (Delta 1)
e Test machine head travel (Delta 2)

As shkown in Figure B-35, Delta 2 readings have more than twice the
magnitude of the Delta 1 readings in the elastic range, Delta 1 readings
were recorded continuously and automatically, and Delta 2 readings were
taken (from the gauges) every 20 pounds for the -1, -3, and -5 specimens
and every 40 pounds for the -2, -4, and -6 specimens,

The typical sequence of events in fracture failures is illustrated in

Figure B-36. The corners of thinner angles straighten out elastically for

a distance of up to two or three times their initial radii, Next the matrix

fails in delamination, and finally the fibers fracture at ultimate load. ?
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Figure B-36, Fracture Progression in Typical Composite Angle
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The concept of yield strength being two-thirds of ultimate strength is not
transferable from metals to composites. Permanent set may occur any-
where from 75 percent (thin angles) to 90 percent of ultimate strength
(thicker angles).

Thick sections are more ductile than thin ones.

Allowable load versus thickness in composite angles is shown in Figure B-37
for an eccentricity of 0.5 inch, A similar curve for 2024-T3 aluminum has
been added for comparison, With respect to angle allowables, only graphite
is similar to aluminum,

1000
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Figure B~37. Ultimate Allowable Loads Versus Thickness
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APPENDIX C
C-1 MODEL PREPROCESSOR PROGRAM LISTING

e 77 JOB (900004 ,,068) PREGI2TB,CLASS®E _ .
2. //STEP) EXEC FORTHCLG

3. DIMENSION LAST(1000),1CUR(1000),3G(8B)
G REAL®E LEGX]1 JLEGY NIOTH,RADIUS DELTAY,DELTAX,T(26),TOLER XY (26),
S, SPIONG o XSAVE o YSAVE o ANGLE o DIST oXLAST o YLASToDELTAT oYY o XX o DELTY2,
6o SBEND o THETA ¢2(26) o DELTAZ W R(26)9HT29XM0D] 4 XXMOD 4 XMOD(26) s
Te SYMOD(26) +ZMDD+ ZMOD2(26) 5 THMDD s LEGX 4LEGXP) 4LEGY .
8, NAMELIST /PARAMS/ LEGX14LEGY W IDTHoRADIUS JDELTAX,DELTAY, T,
Qe STOLERJDELTAY BENDDELTAZLLAYERS,
10, SDELTY2,HT2
11, OATA IGRID/1/,JGRID/10001/4ICONT/0/4JCUR/O/ +JLAST/0/41ELZY/
12, DATA LEGXIJLEGY WIDLTHRADIUSIDELTAX DELTAY,TOLER/7¢0,0/
13. DATA 1/26%0,0/ o
14, DATA DELTAT,BEND/2%040/,0ELTA270.0/ 4LAYERS/0/OELTYZ/0 07
15, CATA HT2/0.0/
16, C
17, C
18, C THIS PROGM 1S FOR GENERATING BULK DATA FOR THE FULL BRACKEY
19, g AND 1S CALLED PRE-PROCESSOR_FOR_C1 MODEL . e e e
20,
2i. C READ IN PARAMETERS
22, READ(5,PARAMS)
23. IF(LAYERSAEQ.OJLAYERS=]
26, C ECHD PARAMETERS
25, WRITE(OSBILEGXIJLEGY JWIDTH,RADIUSIDELYAY JDELTAXGOELTS 14BEND, _
26, STOLERVDELTA2 oLAYERS,DELTY2,HT2
27, € FORMAT(*IPARAMETER ECHD®,/,*OLEGX]® *,T]13,FB8.4¢/,
28, $ LEGYs 9;T13,FBets/¢® WIDTHs ¢,
29. CT134F8e0/7¢" RADIUSS " oT13,F8e6 o/ DELTARYS 9,T13,F8.44/s
30. ¢ DELYA~Xs '07130F50‘0/0’ DELYA=Ts * VT13,FB.44s/° BENDs *,T]3,F8.4
3. $9/9" TOLERANCES *oFB8oc40/y°' DELTA=28%,T13, e
32 LI I TY A L‘VERS".“’Q!U./.' DELTAY25°4T13,F8,64/,7 HEIGHTZ=T,
33. 8T713,F8.4) i
34, CO 99& 1s1,LAYERS
5. WRITE(6+997) 1,.7(1)

36, 997  FORMAT(® LAYER='4124" THICKNESSs*,F8.¢)
37, 998  CONTINUE e e e aevrn
3s. 1 FORMAT(*GRID Y91848Xs3F8.4)

39. IF(LAYERS.CT.25)G0 YO 900

40, C INITIALI2E CONSTANTS

LI LAYERGSLAYERSe}

42, 2())sLEGY*BEND

43, . 00 35 1s24LAYERG _ _ . —_ e e et e e e
44, 21212 )eT(=1)

«5.. 35 CONTINUE )

66! 1END2=0

47.' PIONGs3,14159/4,

48, IPSOLs=}

9. C . e e aean o _— et imm s e o n e e e e« «
50, C

61, C GENERATE PIECE BEFORE FIRSY PIECE(MDDEL CHANGE 5/8/78)

52. C

53, C

56, C

55, C  START AT THE LOWER LEFTHAND CORNER L
56, C THEN MOVE TO THE RIGHT UNTIU WE MIT THE CuTOUY

57. Y(1)s0.0

58, €30 XsWIDTH

123

e e




o TRV RN

vy s X 3 e F S

59, C GENERATE FAR LEFT GRID POINT

60, YYz=v(])

6l C  TRANSFORMING FROM DRIGINAL YO MODIFIED RECT COORD SYSTEFX

62, XXMOD=YYOMT2 . il i e mm e e

63, YMOD(1)=2(1)
9 644 IMDDs X _
4 65, WRITE(741) IGR1D,XXMOD,YMCO(1 ), ZHOD
" 66 00 495 1#2,LAYERG i oL .
b 67, YHOD(1)*Z(1) ’
- 66s .. WRITE(741)JGRIDSXXMOD,YMOD(I)o2MOD __ | . .. ..ol . vy
@ 69, JORIDsJGRID+10000 ‘
b 70+ 49% CONTINUE . . '
B 7. € STORE GRID 1D
¢ 124 JCUR=JCUR®)
- 13, ICUR(JCUR) #JGR 1D
B T4s € INCREMENT GRID.ID . _.__ . . o . e e e o .
i 5, 1GR1D=IGR1D+1

76, JGR1D=1GRID#10000

7. ¢C MOVE 1O THE LEFY

78, 490 XaX=DELTAX

9. C SAVE X AND Y

B0s .. XSAVESK it s e e e o . e —————————

el YSAVEsY (1)

82, IF(Y(1)eEQ4040)XXaX

83, C ARE WE PAST THE 457

84, ANGLE=DATAN(Y(1)/X)

85, IF(ANGLEJGT.PION4)GD TO 540

86, C L BELOW YME.&S.. . ___ .. L el

87, C FIND DISTANCE FROM CUTOUT '

88, IFCY(1)GTRADIUSICO TO 550

89, D1ST=X=DSQRT(RADIUSSS2-Y (1)082)

90. C ARE WE WITHIN TOLERANCE FROM THE CUTOUTY

91, JF(DISTLLELTOLERIGD TO 480

92, 60 TO 550 . . . s e e ¢ et e e e ——

93, C ABOVE THE 45

9% 540 IF(X.CT,RADIUSIGO Y0 550

95, DISTsY(1)=DSORT(RADIUS®S2+X242)

96. IF(DISTLLE.YOLERIGD YO 560

97, € NOT AT THE CUTOUT YEY SC GENERATE NORMAL GRID POINY

-98. 550 YYeeWU).. Lo e o .. e it e e e
96, € TRANSFORMING FROM ORIGINAL TO MOCIFIED RECY COORD SYSTEM

100, XXMODeYYHT2
101, YMOD(1)s2(1)

102, IMOD=X

103, WRITE (7,1) JGRID.XXMOD,YHOD( 1) 42MH0D

104, 0D 555 12 LAYERG. __ _._ . _ . . . o

105. YHOD(1)=2(1)

106, WRITE(741)JGRID, XXMOD+YMOD (1), 2ZNHOD

107, JOR1D=JGRID® 10000 -
108. 555 CONTINUE

109, ¢ STORE GRID 1D

10e . JOURSJCUR®Y . .

111, 1CUR (JCUR) s JGR 1D

112. ¢ INCREMENT GRID 1D°S .
113, 1GR1D=1GRID*1

114, JGRID=1GRID10000

115. C IF THIS 1S THE FIRST LINE OF GRIDS, DON'T GENERATE CONNECTIONS

146 IF(Y(1)4EQ+040)60_TO 490 _ L L

17, ¢ MAKE SURE WE HAVE 4 POINT NEXT TO THIS ONE

118, IF (JCURLGT.JLASTIGO TO SEO

119, € GENERATE QUAD ELEMENT

AR AR
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120. €
121.
122,
123,
124,
125.
126,
127,
128,

129.. _ ..

130,
131,
132.
133,
134,
13%,
136,
137,
138, C
139,
140, C
141,
142,
143, C
164,
145,
1646,
147,
148,
1649,
150,
151,
152,
153,
154,
155,
156,
157,
158,
159,
160,
161,
162, C
163,
164,
165, C
166,
167,
168,
169. C
170, C
171, €
172. ¢C
173,
176,
1715, C
176,
177,
178, €
179.
160,

[ 2 BN o BEN o BN o ]

s SN

FIRST SET UP GRID POINT ORDER

590 16(1)=]JCUR(JCUR)

16(2)=ICUR(JCUR=1)

F6E3)sLASTUJCUR=1) . . i mm e o
16(4)=LAST (JCUR)

16($)=16(1)+10000

16(6)=1G6(2)+10000

16(7)=3G(3)+10000

16(8)n1G{4)+10000

JEL=IEL o e ———
JPSOL=]PSOL -
00 565 Jel,LAYERS . .

IF(JeEQ.L) GO TG 567
JELsJEL#1000C . .. .. _ . . .-
JPSOL=JPSOL*10 :

. DO 566 K=l,8_ . _ _—

566 CONTINUE Ce am
567 WRITE(742)JEL2JPSOLW{IG(1) o151 +0)sICONT
.. JCONTsICONY. -

16(K)=1G(K)+10000
PUNCH CONNECTICN CARD
INCREMENT CONTINUATION FIELD

JCONT= JCONTe]
PUNCH CONTINUATION OF CONNECYION CARD
WRITE(T7+2)JCONT,16(T)41G(8)

%65 CONTINUE

INCREMENT ELEMENT 1D

JELsJELeY ..o o
KEEP GOING TILL WE HWIT THE CUTOUY

60 T0 490

IF WE DON'T HAVE A POINT NEXT TO THIS ONE PUT ONE ON THE CURVE

M S e B e S v ¥ St——— Sa—— Y

S8C YYs=DSQRI(RADIUSSS2=X¢02)

585

560

480
570

TRANSFORMING FROM ORIGINAL TO MOOIFIED RECY COORD SYSYEM
XXHOD=YYoHT2 _
YMOD(1}=2(1)
IM0D=x .
WRITEC(741) IGRID XXMOD o YMOD (1) ZNO0D
00 585 1s2,LAYERC
YHOD(1)s2(1)
WRITE(741)JGRIDWXXMOD,YMODK T ) 2M00_ . .
JGRID=JGR1D¢10000
CONTINUE
STORE GRID 1D
JLASTeJLAST®)
LAST(JLAST )sIGRID
INCREMENT GRID 1D _ |
16R10=1GR1D+}
JGR1D=1GRID+10000
60 YO 590

WE'VE HIT THE CUTOUT, SO GENERATE

4 GRID POINT ON THE CURVE OF THE CUTOUT

WE'RE ABOVE THE 45, SD MOVE IN THE Y<DIRECTION
Y{1!sDSQRT (RADIUS#32=X8%2)

60 70 570

WE'RE BELOW THE 45 SO MOVE IN THE X<DIRECTION

- —— -~ - . weemmee = —-——

ChY W AL v e A —  —

- ———— — P 1w e ————— - gt o

e a o ——— g S—

XsDSQRT(RADIUS#$2-Y(]1)%82)
YYseY(1l) . m e
TRANSTORMING FROM ORIGINAL YO MODIFIED RECY COORD SYSTEM
XXMOD=YYoHT2
YHOD(1)=2(1)
i
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181, 2M0D=X
£ 182, WRITE( 7,1} IGRI0,XXMO0,YMOD (3} ¢ ZHOD
i 163, 00 575 132,LAYERG
184, . YMOD(T)a2(1) e
&5, WRITE(7,1) JGRiD,; XXMGO, YMOBTTTe2M00 ™ — e
e 186, JGRID=JGRID® 30000 . R o
8 187, 575 CONTINLS o
- 188, C STORE GRID 10 ]
¥ 189, JCUR®JCUR«]
: 190, .. . JCUR(JCUR)sIGRID _ __ __ R R _
L 191, € INCREMENT CRID 10°S -
| 192, 1GRIDsIGRID+ L e o
193, JGRID=IGRID+10000 .
E: 19¢. ¢ 1F THIS 1S THE FIRST LINE OF GRIDS, OON®Y GENERATE CONNECTIONS
- 195, IF(Y{1),EQ.0.0)GD 1O $30
& 196, € 010 WE CROSS & LINE OF GRIOS?._ . .. . __ _. . . __ __
197. IF(XSAVEJNEXLAST)CO TO 500
E 198, ¢ WE OION'T CROSS A LINE OF GRIDS SO ) o
199, ¢ GENERATE A QUAD ELEMENT

200, € FIRST SEY UP THE GRID ORODER

; 201, 16(1)sICUR (JCUR)
o 202, . .. 1G(2)sICUR(JCUR=1) ) e
i 203, 16¢3) sLAST (JCUR=1)

g 204, IGLA)sLAST(JCUR) . o

% 205, 16(5)»16(1)+10000

- 206, 16(6)=16(21410000

3 207, 16(7)=16(3)¢10600

208.. .. . lG(8)slGladedQ000_ o
- 209, JELSIEL

210 *  JPSOLsIPSOL o , o

21l 90 576 Jal LAYERS

212, 1F(J.EQ.1)GO 10 57 .

. 213, JPSOLSJPSOL 10

- 214, O JELBJEL#Y0O000 _ . __
e 215, 00 STT Kel,8

216, 16(K} =16 (K )¢10000 o .

217,  ST7T CONTINUE
218. € PUNCH CONNECTION CARD
219: 578 WRITE(T,2)JEL JPSOLy(IGL1)o15) 46)s3CONY

R

220 € INCREMENT CONTINUATION FIELOD . ___ .. _ .. . o .
221, JCONT=JCONT
222, ICONT=ICONTe)
223. ¢ PUNCH CONTINUATION OF CONNECTION CARD
i 2264, ®RITE(7,31JCONTL1G(T),16G(8)
| 225, 576 CONTINUE
i 2264 € INCREMENT ELEMENT JO_______ _ _. — N
7 221, JELs1ELe)
228, €0 10 %30
. | 229, ¢
o 230, C NE JRDSSED A LINE OF GRI'S SD WE NEED A TRIANGULAR
e ! 231. € ELEMENT INSTEAD OF A QUAL ELEMENT
232, ¢ . FIRST SEV UP THE GRID_ORLER _ . . _ . .  _ e
233, 500 16(1)=1CURLJCUR=1) CoTTTTTT T
236, 16(2)sLAST (JCUR=1)
4 238, 16¢3 )= ICUR (JCUR)
236, 16¢6)21G6 (1110000
o 237, 16(5)=1G6(2)+10000
238, 16t6)s1G(31e10000_
ot 239, JELSIEL T T T e
3 240, JPSOLsIPSOL
261, 00 505 =], LAYERS
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262, IF(JJEC.1) GO TO 507

243, JPSOL=JPSOL¢10

264, JEL=JEL+10000 .
| 245, . TO 506 K=16 e
2 246, lG(K)'lG(K)OlOOOO

267, 506 CONTINUE - e -
268, C PUNCH CONNECTION CARD

249, 507 WRITELT,6)JELeJPSOL(IG(])oIm106) . | e e
250. & FORMAT(*CPENTA *,818)

‘ 251, 505 CONTINUE . . . oo o e e e e
i 252, € INCREMENT ELEMENT 1D
: 253, JEL=JEL+] R o L
{ 254, C SAVE LAST X AND'Y VALUES ™
, 255, 530 YLASTsYSAVE . ) .
i 256 XLASTsXSAVE
! 257. C NOW MOVE CURRENT GRIDS_TO LAST GRIDS .. . e
v 258, D0 510 Is1,JCUR
z 259, LAST(I)sICUR(T) . . e .
260, 510 CONTINUE
§ 263, JLASTsJCUR
262, € RESET CURRENT GRID COUNTER
263s . .. _JCURSCG. _ .. .oooors e e vt e e
266, C NOVE UP A LINE
265, IFUANGLE +GToPIONG ) Y(1)sYSAVE _
266, Y(1)sY(1)eDELTY2
267, € ARE WE AT THE TOP OF THE CUTOUT? ;
268, IF(Y(1)oLT+(RADIUS¢YOLER))GO TO 430

269, C _ . STARY GOING .UP_IN_THE_Y=DIRECTION UNTIL WE HIT YWE YOP____ __ . _ .
270. € START AT THE LEFT EDGE

Y Y(1)aY())=DELTY2

272, 60 0 75

273¢ 420 X=NIDTH

2T, € GENERATE NEXT LINE OF GRID POINTS

2. . JEND Y0 i s = e 4 e emrem e om e
276, 440 YyaeY(})

211, € TRANSFORMING FROM ORIGINAL 7O MOODIFIED RECT COORD SYSTEM

218, AXMNDSYYIHT2
219, YHOD()s28Y . . .. e
280, IMOD=X
281e ... WRITE(742)IGRIDGXXMOD,YHUODAIDe2ZMOD__ . _ . o o
202, GO 445 1a2,LAYERG
' 283, YHOD(1}s2(1) .
. 286, WRITE(7,L)JGRIDXXMOD,YMODCT) s ZMOD
L 285, JGR1D=JGRID*10000
L 286. 445 CONTINUE
: 287, C SAVE GRID 10°S FOR._ELEMENY. CONNECTIONS _ . _ __ . ._.. . ... _.
! 288, JCUR=JCUR+)
F 289, ICUR{JCUR)I=IGRID . _ _ . .. .
; 290. C INCREMENT GRID 1D°*S
t s 291, I1CRID=IGR]IDe] X . -
: 292, JGRID=1GRID+10C20
293, C . SEE IF THERE IS A_POINT_NEXY YO YHIS ONE_ __ __ _ _ ____ . .. _ . .
; 29¢. IF (JCURGTLJLASTICO YO 452
4 295, ¢ HOVE TC THE RIGHT ONE INCREMENT AND REPEAT
296, 45) XsX=DELTAX
i 297, IF{X«CT.TOLERIGOD TO 40
298, C PAKE SURE ME GET THE RIGHY EDGE
299, L. JFUIENDLEQLYYGD Y0 €50 e e
300, X=0,0
301. 1END=]
302, G0 YO 440
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303, €

304, C GENERATE ELEMENT CONNECTIONS

305. €

306, 450 00 460 1s2,JLAST. e
307. € FIRST SET UP THE GRID " FOINT OROER

308, 16(1)=1CUR(]) e e . -
309, 16¢2)=1CUR(I=1)

330, 16(3)sLAST(1=1) .. .. . - .

311, 16{4)=LAST (1)

3120 ... 16{5)=]G{1)+10000 —

313, 16(6)=16(2)+10000

AN, 1G(7)536(3)+10000 . . _ __ . _._ .. _. - e e e
315, 16(8)s1G(4 110000

316, JEL=1EL . e e . -
317. JPSOL=1PSOL

318, _._____ DO 455 Ksl,LAYERS . —

319, 1F(K,EQs1) GO TD 57

320, JELsJEL®10000 . __ _ . __ . e
321, JPSOL=JPSOL#10

322, . DO €56 Ls=],8 . - —o wn —— -

323, 1GEL)=16(L )+10000

324, . 4%6 CONTINUE, L

325, € PUNCH CONNECTION CARD

3260 457 WRITE(T42)JELoJPSOL (26t edud o86) 0 JCONTY o

327. ¢ INCREMENT CONTINUATIOM FIELD -

328, JCONT=ICONTY oo . ) ) _

329, 1CONT=ICONTS )

330, .C_ ..  PUNCH CONTINUATION OF CONNECTION CARD _ _____ _ _.

33). NR!YE(7.3)4CON7.l¢(1)o!6(0)

332, 2 FORMAT(PCHEXA  *,2184'4%17) . i
333, 3 FORMAT('e?,17,218)

334s 455 CONTINUE e . L
335, C INCREMENT ELEMENT 10

336, .. JELsIELeY _ e
337, 460 CONTINUE B

338, ¢ MOVE CURRENT LINE OF GRIDS YO LASY LINE

339, 00 470 Is],JCUR

340, LAST{1)=ICUR(T) - - = }

34). 470 CONYINUE

342,. . JLASTSJCUR - o
363, ¢ T MAKE CURRENT LINE EMPTY —
346, JCUR#0 .

345, C MOVE UP A LINE

3460 475 Y(1)eY(1)eDELYY2

367. € HAVE WE WIT THE 0P YET?

348, IFLYLY) LT (HT2=TOLER)IGD Y0 420
349, IF(1END2.EC.1)GO YO 600 T
350, IEND2s} o i

351, Y(1)sKT2 T

352, €0 Y0 420

353, € 1F WE DON®YT HAVE A POINT NEXT TO YHIS ONE PUY OKE ON THE CURVE
356, 452 YYa<DSORT(RADIUSS®2=X882) -
355, C TRANSFORMING FROM ORIGINAL YO WODIFIED RECY COORD SYSTEW
356, XXMODsYY 4N T2 o _

357, YMOD(1)=2(])

358, IHOOsX

359, NRITE( 7,11 IGRIDXXMOD,YMOD{1)y 2M0D

360, 00 €53 IsZ,LAYERG  _ _ e ~

361, YMOD(1)s2t]) Tt T T oo rmTmom
362, WRITE(T,1:JGRID XXMODLYHOD (1), 2HOD

363, JGRIDsJGRID*10000 B
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364,

365. C

366.
367,
368,
369.
370%
.
372.
T3,
374,
375,
376,
.
378,
379,
380,
381,
362.
asa.
384,
38%.
k1.1-Y8
g7,
388.
389,
390,
39,
392,
393,
3%,
395,
396,
397,
398,
399,
400,
401,
402,
403,
404,
405,
406,
407,
408
«09.
€10,
€11,
412,
413,
416,
415,
€16,
417,
418,
419,
420,
€2},
622,
423,
€264,

[aXalalaNaXaXalal

[a X 2]

453

600

RTINS =)

CONTINUE
STORE GRID I0
JLAST=ULASTe1
LAST(JLAST)=JGRID,
INCREMENT GRID 1D
IGRID=1GRID+] e oL _ .
JGR1D=IGRID+10000

60 T0 451 ) .
1GRIDs (IGRI0/1000+1)%1000¢1 :
_JGRID=IGRID+10000_ _. ..
TEL=(TEL/1000+1)%1000+1

XLASTSXX . e -
1END220

. - ——————— ———— YTt w8 ¢ e e = e ——— — o v G e et ————

. GENERATE FIRST PIECE_WITH CUTOUT IN IV _ . o ..

" 30

v

90

140

STARY AT THE LOWER LEFTHAND CORNER i
THEN MOVE T0O YHE RIGHT UNTIL WE HIT THE CUTOUY
Y(1)sDELTAY __ _
XsWIDTH
GENERAYE FAR LEFY GRID POINY )

TAANSFORMING FROM ORIGINAL TO MODIFIED RECY COORD SYSTEM
AMOD (Y)Y 1) eHT2 . )
YHDOD(1)s2(1)

MO0 .. e e emrm e o s e e ean e
WRITE(791)1GRID,XMCD (14 YMOD (1) 42MDD

00 95 1=2,LAYERG
YHOOD(1)=Z(1)
WRITE(T92)JGRIDXMOD(1) 4 YMOD(Y ) 4ZHOD
JGRID=JGRID*+10000

CONTINVE | .
STORE GRID 1D
JCURsJCUR® )
ICUR{JCUR) =T1GRID

IF EIRST LINE OF GRIOS PICK UP GRID ® FCR LASY LINE
1F(Y(1)oEQ.DELTAYILAST{JCUR)wMOD(IGR1D+1000)

TRV (Y ) oBO DEL TAY I UL AS Y UCMR, e
INCREMENT GRID 10

IGRID=IGRID*} .

JGR1D=1GRID+10000
MOVE TO THE LEFY
X=X~DELTAX

SAVE X AND. ¥
XSAVEs=X
YSAVEsY(]) .
ARE WE PAST THE 452
ANGLESDATANLY(1)/X)
IFCANGLE.GYWPIONG GO TO 140
BELOW YTHE 45 =~
FIND D1STANCE FROM CUTOUY
IF(Y(1).GT.RADIUS)ICO TO 150
CISTsX=DSQRT(RADIUSSS2=Y (1)882)
ARE WE WITHIN TOLERANCE FROM YHE CUTOUT
IF(DISTLLE.TOLER)GD 1D 80

60 Y0 150 .
ABDVE THE 4%
IF(X+GT.RADIUS)GO 1O 150
DISTaY{1) DSQRT{RADIUSSR2=X¥82)
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425,
426,
«27.
428,
625
430,
431,
€32
€33,
434,
435,
€36,
437,
438,
439,
440,
44,
442,
€43,
b6,
465,

446, .

w47,
468,
49,
450,
451,
452,
453,
456,
455,
456,
457,
458,
459,
460,
461,
462,
463,

464, ..

465,
466,
467,
€68,

¢
c

469, C
470, .

47,
472,
473,
474,
4715,
476,
7.
476,
477,
480,
48l
482,
€83,
464,
«85,

o 0 0o 0o

150

166
167

165

180

. XXMODsYYeHT2 _.

TR AR RS APNEE T AR e R e
et
w AL

IF(DISTLLE.YGLER)GC TO 160
NOT AT THE CUTOUT YET SO GENERATE NORMAL GRIO POINT
TRANSEORMING FROD. QORIGINAL YO MODIFIEC RECY COQRD SYSTE®
XMOD()sYCL)OMT2 ...
YMOD{(1)=2(1) T
2MODs=X
quTE(v.z)xcaxo.xnootx).vnoo(l).znoo
00 155 122,LAYERG . e - .
YMOD(1)s2(1)
WRITE(7.913JGRID,XMOD (1).4YMOD{1)92ZMO00 - —
JGRID»JGRID+10000
CONTINUE e e e e
STORE GRID 1D
JCUR=JCURSY e
ICUR{JCUR) SIGR IO
IF FIRST LINE OF GK10S, PICK UP GRID % FOR LAST LINC_ _. ... ... .
IF(Y(1)oEQSDELTAYILAST(JCUR)SMODIIGR1D,1000)
IF{Y(1)+EQeDELTAY)JLASTSJCUR e -
INCREMENT GRID 10D°S
IGRID=JGR]De} ) - ..
JGRID=1GRID¢10000
MAKE SURE _WE_WAVE A POINY_NEXT_TO THIS_ONE ... . oo
IF(JCURLGT+JLASTIGO 70 180
GENERATE QUAD ELEMENT .
FIRST SET UP GRID POINT ORODER
16¢1)sLAST(JCUR) e e - . e e e e e
16(2)sLAST(JCUR=1)
IG(3 s ICURLICUR Y ) e —————
IG14)sJCUR(JCUR)
16¢5)=16(2)+30000 . . -
16(6)=36(2)+10000
16(7)=36(3)¢10000 _—— e
16(8)=1G(4)¢20000
BT Bl . o s e ttemmn e ———ror = —n n oo ——————
JPSOL=1PSOL
00 165 JeslLAYERS -
1IF{J+EQ.1) GO TO 167
JELsJELe®10000 . ._ . _. ... .
JPSOL=JPSOL*10
00166 K18 . .
16(X)s3G(X)*30000
CONTINUE
PUNCH CONNECTION CARD
WRITE(T02)JELoJPSOLo$IGI1)o1n] 460, 1CONTY
INCREMENY CONTIMUATION FIELD
JCONT= JCONY e ro—— e et o e
1CONTSICUNTe}
PUNCH CONTINUATION OF CONNECTION CARD
MRITE(7:3)JCONTIG(T),416(B)
CONTINUE
INCREMENT ELEMENT 1D
. JELSIELeL . e
KEEP GOING TILL WE WIT THE CUTOUT
60 70 90
IF WE DON®T HAVE A POINT NEXT TO THIS ONE PUT ONE ON THE CURVE
YY=<¢DSQRT(RADIUSSS2=X082)
TRANSFORMING FROM ORIGINAL TO MODIFIED RECY COORD SYSTEP

- % e st mrtew e ema et st ————— -

ERE. - P

- - - - - - - w owe e

e v . e = E——— e .

e - e wAr et —tw  a e e w4 e s et e e e . = ——

YMOD(1)s2(1)
IN00sX
SRITE(7,1)IGRID.XXMOD,YMOD () ZHOD

130
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86, D0 1685 Is24LAYERG

4«87, YMOD(1)=2(1)

«88. NRITE(7+1)JGRIDWXXMOD,YHOD(1) s 2ZHOD

4«89, JGRID=JGRID*10000___ e o > vt e o rne o e e
490, 185 CONTINUE

491. C STORE GRID ID e s ce e e -

4924 JLAST=JLASTS)

93, LAST{JLAST )= IGRID . — .o e e e
494 C INCREMENT GRID 10

495, ... .. _JGRID=IGRID#1

€96, JGRID=IGRID*10000

497, 60 TO 390 L o o e e ieme e e = e s
498, C

499, C WE'VE HIT THE CUTOUT, SO GENERATE . . . . __._ ... o s e
300. C 4 GRID POINT ON THE CURVE OF THE CUTOUT

501, .C ... WE'RE ABOVE THE 45._SO_MDVE_IN_THE_Y<OIRECTION —

502, 160 Y(1)sDSQRT(RADIUSS#2-X882)
803, 60 YD 170, . cmi t——— e - -
%040 C WE'RE BELOW THE 45 SO MOVE IN THE X-DIRECTION

505, 80 XsDSQRY(RADIUS*#2=Y(1)e42)

806, C TRANSFORMING FROM DRIGINAL YO MODIFIED RECT CODRD SYSTEM

507... 170 XMOD(1)oYil)eH12 —_—

508, YHOD(1)=2(1)
509, IMOD=X e
510, WRITE (741) JGRIDSXMOD(1 T, YHOO (1) ,42M00
513, DO 375 Is2,LAYERG . . _ __.. e e
- 512, YNOO(1)e2(1)
: 513._ . .. WRITE{7¢1)JGRIDsXMOD(3),YNODAY},2N0D____
‘- 514, JORID=JGRIH+30000

515, 175 CONTINUE amn e -~ .-
516, € STORE GRID 1D

517, JCURSJTUReY . . o
518, ICUR(JCUR) =1GR 1D
519. C. ..__IF FIRST LINE_DF GRIDS, PICK UP_GRID # FOR LAST LINE -
€200 IF(Y(1)<EQ.DELTAY)ILAST(JCUR)sMOD(IGR1D+1000)
521, TF(Y(1)oEQ.DELTAYIJLASTSJCUR _ . L L
522, ¢ INCREMENT GRID 10°S
523, IGRID=IGRIDOY .
524, JGR1D=iGR1ID»10000
528, C . . 010 WE CROSS_A LINE OF GRIDS? N .
526, TF{XSAVE JNELALASTICO YO 100
; 527. ¢ WE DION'T CROSS A LINE OF GRI1DS SD ) L

528, ¢ GENERATE A QUAD ELEMENT
529, ¢ FIRSY SEY UP THE GRID ORDER
530, 16(1) e AST{JCUR)
531, TG2)SLASTCICURSYI.
532, 1643)=JCUR {JCUR=3)
533, 1604 )» ICUR (JCUR) )
534, 16(5)*16(1)+10000
535, 16(6)»16(2)¢10000 .

. 5§36, 16(7)+16(31+10000
537, . 16(8)516(41430000_ e e
538, JEL=1EL
539, JPSOL=1PSOL
540, DD 176 Js),LAYERS
541, IF(J.EQ.1)G0 TO 178
542, JPSOLJPSOL 10
543, _ JELsJEL#)0000 e i
544, 00 177 Ke1,8
545, 1G(K)=16(K)+20000

546, 177 CONTINVE

I AN ™ e e

Wy
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LERTE SO
A

,

;

Rt

547, C PUNCH CONNECTION CARD
548, 178 WRITE(T42)JELJPSOL(1G{T) 9151 46)¢ICONT

549, C INCRENENT CONTINUATION FIELD

$50.. .. JCONT=ICONT __ . _ . e
£ 551, ICONTsICONTT -
i 552, C PUNCH CONTINUATION OF CONNECTION CARD )
3 553, WRITE(743)JCONT,1G(7),1G(8)

554, 176 CONTINUE - e e -
555. C INCREMENT ELEMENY 1D

LA

% s56, .. .. . JELsIELeY. __ . _ ——- e v e
- 557, G0 T0 130 ;
5 558, € . e . _—
i 559, C ME CROSSED A LINE OF GRIDS SO WE NEED A TRIANGULAR
3 560, C ELEMENT INSTEAD OF A OUAD ELEMENT . . o
561, C FIRST SET UP YHE GRID ORDER .
562, 100 IG(1)eLAST(JCUR=1) _ e e
563, 16¢2)=JCUR (JCUR=1)
564, 16(3)=ICURCJCUR) R ) ( L
565, 16¢4)=16(1)+10000
866 16(5)=16(2)+10000 .
567 16(6)%3G(3)+10000
568, . JELSIEL _ . _ . _— e i
569, JPSOL=1PSOL S
570, 00 105 Js3 o LAYERS . ‘ ) o
573, 1F(J.EQe1) GO YO 107
572, JPSOLeJPSOL10 .
573, JEL®JEL*10000
574, . 0D 106 Ks)ob _ ... e e e e i
575, 16(K)e1G(K)*30300 -

576, 106 CONTINUE

577, ¢ PUNCH CONNECTION CARD

578, 107 WRITE(T,4) JELoJPSOL(IG(1) 4181 46)
$79. 108 CONTINUE

580, C INCREMENT ELEMENT_ 20
581, 1ELe1EL*)

582. ¢ SAVE LAST X AND Y VALUES __

503, 130 YLASTeVSAVE

Ssm A V1 seet TR eu i S v emmssem WeE  wmmten

584, ALAST=XSAVE

585, € NON MOVE CURRENT GRIDS TO LAST GRIDS

886, . . . D0 110 IedodCUR e e — e
587, LAST(1)sICURLT) -
8868, 110 CONTINUE .

589, JLASTSJCUR

860. € RESET CURRENT GRID COUNTER

591, JCURsC

582, C MOVE UF A LINE e

593, IFCANGLE «CToPIONG I V(T T#YSAVE ' T e
594, Y{1)aY(1)*DELTAY

%595, C ARE ME AT THE TOP OF THE CUTOUTY? T

596, IFLY(1) LYo {RADIUSOYOLER)IGO YO 30 .
597, ¢ STARY GOING UP IN THE YDIRECTION UNTIL WE HIT THE IOV ~

598, C_._  SYART AT THE LEFY_EOGE e

599, Y{1)eY{1)=DELTAY — T omT oo e

600, G0 T0 75

601, 20 XsWIDTH

602, C GENERATE NEXT LINE OF GRID POINTS

603, 1END=0

606e C  YRANSFORMING FROM ORIGINAL YO MODIFIED RECT COORD SYSTEM
605, 40 XMOD(1)sY(1)eHT2

606, YHOD(1)s2(3)

60:4 IM0D=X
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608,
609,
610,
611,
612,
613,
616,
615,
616,
617,
618,
619,
620,
621,
622,
623,
624,
625,
926 ¢
6217,
628,
629,
630,
631,
632,
633,
634,
035,
636,
637,
830,
639,
640,

64},

662,
643,
664,
645,
666,

6474,

640,
649,
650,
651

652. C

653,

654, C

655,
656,
657,
658,
659,
660,
(1388
662,
663,
664,
665,
666,
667,
668,

C

c

t M OO

WRITE(741)IGRIDGXMOD (1) 4 YMOD(] ) 420D
CO 45 1s2,LAYERG
YMOD(1)e2(1)

..NR!TE(7.1)JGR10.XHDD(1)sYHOD!l)olNDD v arn e e e i omemem

L2

50

56
57

$5

60

70

.JELaJEL®10000. .. S

JGR1D=JGR]ID+10000

CONTINVE . C - fe e e
SAVE GRID ID*S FOR ELEMENT CONNECTIONS

JCURsJCUReY . - - . e e e e e
ICURCJCUR)=IGRID

...JNCREMENT .GRID _ID'S S N

IGRID JGRID*)

<GR1D=IGRID¢)0000 . v e e m e s

SEE IF THERE 1S A PU!NY NEX‘ 70 7"15 ONE

IF fJCURLGTLJLASTIGO TO 52

POVE TO THE RIGHT ONE XNCREHENT AND REPE‘T

XsX=DELTAX .. _ s e e v mem = - . Cerh et e e
IF(X.6T+TOLER)GD 70 60

MAKE SURE WE GEY THE RIGHY EDGE . .. e s
1F{IENC.ED.1)GD TO 50

X80,0 - J— - . . - -

1ENDs}

G030 0. et e e te s meem————— -

GENERATE ELEMENY CONNECTIONS __ . - C e

DO 60 1m2,JLASY. . C e
FIRST SEY UP THE GRID POINV ORDER

J641)sLAST()__ - R
16(2)sLASY{I~])

1G{3)=1CUR(1=1) S - . -
16(4)=1CuUR(1)

16(5)=16(1)410000 . e . -
16(e)=16(2)+10000

160T)elG(3)ed0000 e e e - s 4 e
16(8)=1G(4)+20000

JEL®TEL . e e

JPSOLaIPSOL

00 5% Ksl LAYERS = _ . . S -
IF(K.EQ.1) GO TO 87

JPSOLeJPSOL* 10

00 S6 iLel.8 . .- . . c—
164L)«16 (L )+10000

CORTINUE . .

PUNCH CONNECTION CARD
WRITE(T22)JEL o JPSOL o QIG{IYaded 0o 1CONY _ _ .
INCREMENY CONTINUAYION FIELD

JCONT=ICONT
T1CONT=JCONT+)
PUNCH CONTINUATION OF CONNECTION CARD . .
WRITECT43)JCONT,L1G(T)01G (D)

CONTINUE _ e e o w5 % e = = e = frm st e =
INCREMENT ELENENT §D

JIEL=JELe} . -
CONTINVE

POVE CURRENT LINE OF GRIDS TO LASY LINE

D0 70 1s=1,JCUR
LAST(I)=ICUR(L). .
CONTINUVE
JLAST=JCUR

MAKE CURRENT L INE EMPTY
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669,
670, C
671,

673,
6%,
675,
676,
677,

681,
682,
603,

685,
686,
687,
686,
689,
690, C
691.
692,
693, C
694,
695,
696,
657,
698,
69%.
700,
701,
T702,.
703.
704,
708,
106,
107,
108,
109,
710,
nl.
2.
3.
Ti6,
715.
T16.
N €
118,
719,

12l
122
723,
T4,
125,
126,
TéTe
768, €
729

672, € .

684, ..

L aYaYatat s taXa X

T20.. ...

JCURsQ
MOVE UP A LINE -

TS Y(1)sY(1)+DELTAY
HAVE WE HIY, THE _TOP YET?
TFCYC1) LYo (LEGX 2= VOLER) )GD TO 20
IF(JEND2,EQ.1)GD YO 200 . . . . e
1END2e]

-t W) ..t b b A gaMmS E¥ % A Se A S m———

Y(1)sLEGX) | . e e e . C . e e -

GO 7O 20

€. .IF WE_DON'T_HAVE A_POINY_NEXY ID TH1S_ONE_PUT_ ONE On _THE CURVI

§2 YYueDSORT(RADIUSES2-X942)
TRANSFORMING FROM ORIGINAL_YD MCOIFIED RECY COORD SYSTEM
XXMODsYVONHT2
YMOO(1)®ZHL) . . L Lo L ie e e e e e
IM0D=X

< NRITE(To 1) IGRIDVXXPOD,YHOD() ) o 2H0D

00 53 1e2,LAYERG
YOOI ) e2(1) e e e
Nl!(E(?ol)JGRIO»XXNDD.VNOG(!)olﬂﬂb
. JGRID=JGRIDe10OOO _ . __ _ . - SR
%3 CONTINUE

. STORE_GR1D 1D
JULAST=JLASTe)
LAST(JLAST)s2GRIO _____ . _ __ ... .. . ...
INCREMENT GR1D 1D
1GRID=1GRIDY C e e e e e
JGR1D=1GR1ID*Y D000
.60.70_51

CND OF FIRSY PIECE

¥ omrmm  see aee g (R L Fr mem v e

v cmm——

" GENERATE THE 90-DEGREE BEND
FIRSY ESTABLISH A CYLINDRICAL CO-ORDINATE SYSTEN

200 230.0 .

LEGXKTZOLEGX]

. LEGXPISLEGXe], _ .

LEGYSLEGY

WRITE (74201)LEGK,LEGY,LEGK(LEGY 2 1CUNT

zox'§g§nA1(vcouozc 145X 0°100° ¢8Ko2FBek 15X 00040 g 2FBaksSR o1 ,007

JCONT=1CONY ‘

.- - PR y - - B

JCONT=JCONTe) o+ e shaos ovtn = o i bmame e

WRITE(7,202) JCONT ,LEGKP] 4LEGY
202 FORMAT(%00 1 7,2F8,4645X4°040%)
SEY INITVIAL VALUES
1PSOLs1PSOLS)
RU1)=REND
... DO 205 122,LAYERG

v et v = - ———— - e -

Rtl)sR{l=}}=T(1=])
205 CONTINUE
THETA=DELTA®
TELs{(2EL/.00N)¢1)$1000<]
JEND2=C
250 JENDsO
2(1)2C.0

® . e amen s e St s cmaetlas M e W A e e memh  mme  VSe e eme e s e S m——t——

TRANSFORMING FROM ORIGINAL TO MODIFIED CYLINDRICAL COORD SYSTEM

220 THMODs90«=THETA
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5

130,
731,
132,

133, .

T34,
T35,
T36.
137,
738,
T39.
740,
Téel.
762,
763,
Te4.
745,
746,
747,
T48,
749,
750,
1.
152
153.
1544
159,
156,
157,
158,
59.
760,
761,
762
763,
T64.
765,
T66.
767,
768,
769,
0.
.
T2,
173,
174,
775.
176,
.
178,
179.
780,
781.
182,
783,
184,
185,
186,
%7,
786,
189,
190.

.J6RIDJGRID*10000
225 CONTINUE

_JGRID*1GRIDe)

215 CONTINUE

2MDD2(1 }sWIDTH=2(1)
NR!YE(7.ZOB)!GR!D.G(I)oTNHODoZHDDZ(l)

203 FORMAT(*GRID 191845X09100% 3F6.4)

.00 225 1s2,LAYERG, s
WRITE(T& 03)JGRID.R(I).YNHOD.ZN902(1)

- - — e s — e — s ——

JCUR=JCURS ] e L o
JCUR(JCUR? =TGR ID

JGR1D®1GRID10000

2(1)=2(1)*DELTAX o
IF(Z(1) LT+ (NIDTH=TOLER))GD 0 220

MAKE SURE WE GET THE EOGE _ .
IF{JEND.EG11G0 TO 210

2(1)=W10TH
1END =1

60 10 220 o o .
GENERATE CONNECYIONS

L T Lk Y e e e

210 0O 230 1s2,JCUR

SET UP THE GRID POINT ORDER
COLSLASYCY) o o
16(2)sLAST(1=1)

16(3)s1CUR(I=1)
1614 )sICURLT)
16(S5)=16(1)¢30000
16(6)216(2)#10000
1647)516(3)+30000 __
1648)=16(4)+10000
JEL=1EL , ;
JPSOLeIPSOL

00 215 K=1,LAYERS
1F(K.EQ.1)C0 TO 217
JEL = JEL 10000 _
JPSOL*JPSOLe 10
00 216 Lal,®
16(L)s1G(L)#10000

216 CONTINUE

PUNCH CONNECTION CARD

INCREMENT CONT INUATION T T e
JCONTSICONT

JCONTS)CONT#}

PUNCH CONTINUATION OF CONNECTION CARD
WRITE(743)JCONT,1G (7). 1G(8)
INCREMENT ELEMENY 1D~~~ ~~~™—= =~ -~ e
JEL=JELeY

230 CONTINUE

MOVE CURRENT GRIDS TO LAST GRIDS
D0 240 Is1,JCUR
LAST(I)SICURLT)

" 240 CONTINUE

JLAST=JCUR

JCUR=0

INCREMENT ANGLE

THETASTHETASDELTAT
IE(THETA.LT+89.99955)60_10 250
IFC1END2.EQ.1)GD TO 241

1END2s1

THETA=$0.

135




3
&
n'»

2

Ri&
e

g

-

HENANE NS PN
.,f“""x;‘#rzx;‘::t‘ CEAN

o e e R

191.
792.
793,
194,
95,
796,
197.
798,
799.
800,
801,
802.
803,
804,
805,
806,
807,
808,
809,
810,
8ll.
812,
813,

D000

(2]

© (2]

(o]

60 70 250
END OF 90 DEGREE BEND

STARY OF BOTTOM PIECE(NO CUTOUT)

INITIALIZE, CONSTANTS _ _
261 1EL=((1EL/1000)¢1)#1000+1
1END2=0 . e
IPSOL=IPSOL4Y
Y{1)sLEGX]1+BEND
D0 245 I32,LAYERG
. Y(L)sY(I=1)eT{]=1)
245 CONTINUE

- ewery = v w—

STARY GOING OOWN IN THE I=DIRECTION UNTIL WE HIT THE BOTTOM _

STARY AT THE LEFY EOGE
201 )sLEGY-DELTA2 -
320 XsW]DWH

.. GENERATE NEXY LINE OF GRID POINTS .  __ .

1ENDsO

e Wy e thea . e v At =y e

TRANSFORMING FROM CRIGINAL TO MODIFIED RECY COORD SYSTEY

340 XHOD(1)sY{1)enT2
YHOD(1)s2()),
IMOD=X

WRITE(T793)IGRIDeXMOD(L). o JNDOW2)2ZNO0 __ ___ . .

00 345 1s2,LAYERG
IMOD(1)=Y{])oNT2

WRITE(To1)JGRIDSXMED(L) s YMOD (1) 42MOD

JGRIDsJGRID* 10000
345 CONTINVE

.SAVE GRID 1D*S FOR_ELEMENT_CONNECTIONS _ _ .. ____ ..

JCURs JCURe)
ICUR({JCUR)=]GRID c e e
INCREMENY GRID 10°S
IGRIDsJGRIDe] B
JGRID=1GR1D+10000

MOVE TO THE RIGHY_DNE JNCREMENT AND REREAT

XsX=DELTAX

IF(XGT.TOLER}GD TO 340

MAKE SURE WE GEV THE RIGMT EDGE
IFLIEND.EO.1)GO YO 350

X=0 .0

1ENDs=]) e e e e
G0 TO 340

GENERATE ELEMENT CONNECTIONS
350 DO 360 Is=2,JLASY

. FIRST SET UP_THE GRID_POINT_ORDER _

1G(1)sLAST(])
16(2)=LAST(1I~1)
16(3)=ICURLI-1)
16(6)=1CURLT)
16(5)s16(11)+10000
16(6)=16(2)+10000
16(7)=16(3)+10000
16(8)=1G14)+10000
JELSIEL
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e, xo s BORER

! 852, JPSOL=1PSOL
; 853, D0 355 K=1,LAYERS
’ 354, IF(K.EQ.1)G0 TO 357

855, .  _JELsJELelOOGOC ____ . _ . oo oo
’ 856. JPSOL=JPSOL+10 I
: 857, D0 356 Lel,8 - . S

856, 16(L)=16(L)¢10000

859, 356 CONTINUE
860. € PUNCH CONNECTION CARD
861, . 357 WRITE(T752)JELsJPSOL{1G () sd=],6)s ICONY

[ ——

. 862. C INCREMENT CONTINUATION FIELD
i 863, JCONT=ICONTY e e e . e
[ 864, ICONT=ICONT+1
, 865, C PUNCH CONTINUATION OF CONNECTION CARD .
; 866, WRITE(T43)JCONTIG(T)0IG(8)
; 867.. _355 CONTINUE. .. ._._. — _—
i 868, C INCREMENT ELEMENT 10
C 869, IEL=1ELe] e e o - o el
f 870, 360 CONTINUE
: 871, € MOVE CURRENT LINE OF GRIDS YO LAST LINE
‘ 872, 00 370 Is],JCUR
873, ... . .LAST(1)®ICUR{I).. — _—
874. 370 CONTINUE
875, JLAST=JCUR R .
876, C MAKE CURRENT LINE SMPTY
877, JCUR=0 .
878, ¢ MOVE UP A LINE
879,. .. 23)s2(1)=DELYAZ e -
860, C HAVE WE NIV THE BOTTOM YET?
8s). 1F(2(1).GY.TOLER)GO YD 320
882, IF{ 1END24EQ4 1) GO TO 120
883, 1END2s1 ——
884, 2(1)=0,0
e8s. . . GO YD 320  _____ e e —
886, C WERE DONE  WHEM
887, ¢ SO DUMP THE BUFFER ___ . _ .
888, 120 ENDFILE 7
889, C AND GET THE HELL OUY
890, STOP
891s 900 WRITE(6,901) — ——
892, 901 FORMAT('-sSeERROR®®s TOO MANY LAYERS SPECIFIED')
893, sToP ) .
894, END
895, //GD.FYOTFO01 OD DSN=CN900004 +SSSClEBLKXF JUNIT=RYLBURDISPs (,CATLG);
896, /7  SPACES(TRK,(10+10)4RLSE) +OCR = (RECFMSFELRECLS80OLKSIZE=3120) }icL
897, //GD.SYSIN DD ® ——
: 898, EPARAMS  LEGX1®0,27.LEGYS0.51 ,WIDTH=0.5,RADIUSS0,25,DELTAY0.05,
- 899,  DELTAX®0.1,TOLER®0.015,0ELTAT=25,0,BEND=0.125+
900,  T(1)sn.128, jumeT
90).  DELTAZ®0.17,LAYERS®1,DELTY250,1330,HT250,4
. 902, CEND
¢
% v
i

R T R L T

(ALSO SEE FIGURE B-.13)
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APPENDIX D
C-) PREPROCESSOR FLOWCHART

INPUT
PARAMETERS 1=2
* P “-’
ECHO
PARAMETERS
Ze2in

OUTPUT
G

LAYERG «

# LAYERS ¢ 1 INCREMENT
GRID ID BY
10,000

1

INITIALIZE 2
COORD VALUES
FOR ALL GRID-
POINT LAYERS =141

|

IPSOL « 1
SOLID AlID NO
IDENTIFICATION®

1

YES
s
N
X = WIDTH -E(lN_N_ESTIC_)NS.
:gCﬂEMENT GRID

TRANSFORM TO
NEW CO-ORD
SYSTEM

X« X«DELTA

1

SAVEX, ¥
COORDINATES

QUTPUT
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C-1 PREPROCESSOR

e

o

ot AN AT S Fos <

 aon Ao Tt

PAST
450 ON THE
WASHER

IN
Y-DIR ARE WE
WITHIN TOLER OF
WASHER

/N
{-DIR ARE W

NO

COMPUTE NEW
WITHIN TOLER YES | X CO-CORD ON
OF THE CURVE OF WASHER
WASHER

COMPUTE NEW

GENERATE

GRID
CARDS FOR ALL
LAYERS

I

SAVE GRID
1D FOR ELEMENT
CONNECTORS

INCR GRID 1D

FIRST
LINE OF
GRID CARDS

IS THERE A

GRID POINT
ABOUT TO TWD
ONE

COMPUTE NEW
OF WASHER

Y VALUE CN CURVE

OUTPTU GRID
CARUS FOR
ALL LAYERS

SAVE GRID {2
FOR INTER

INCR GRID 1D

—>

poe . cam e e - —

SET UP CONN
ORDER FOR
CHEX
ELEMENT

OQUTPUT
CHEX
CARDS

INCREMENT
ELEMENT ID

139

Y CO-ORD ON
CURVE OF WASHER

PR

OUTPUT
GRID

CARDS
FOR ALL
LAYERS

SAVE GRID 1D
QR CONNECTIONS

INCR GRID 1D

FIRST
LINE OF
GRID CARDS

DID
WE CROSS A LINE

OF GRID PTS

e




C-1 PREPROCESSOR

SET UP SET UP
CHEX CPENT
CONNECTION CONNECTION
ORDER ORDER

OUTPUT
CHEX

LABELS FOR
ALL LAYERS

OUTPUT
CPENT

LABELS FOR
ALL LAYERS

NO

INCREMENT INCREMENT
ELEMENTID ELEMENTID
>le- J
SAVE LAST
X & Y VALUES
MOVE CURRENT

LINE'SGRiD ID'S
TO LAST LINE'S
GRID ID'S

Y=Y +DELTY2

PAST
THE WASHER

Y =Y-DELTY2

o

pp—"




" s, 4§ O

~

C-1 PREPROCESSOR

A, o

<

MOVE

CURRENT LINE'S A‘%}",‘g’,‘,’i COMPUTE NEW
GRID 10°S TO L AST NEXT 10 This V-VALUE ON
LINE'S GRID 1D°S WASHER

ONE

S a3 RGN

OUTPUT GRID
CARDS FOR
ALL LATERS

X -X-DFLTAX

Y Y ¢ DELTY2

R g, ORIy WUV bmnat i,
“ry

SAVE GRID 10°S
vES FOR CONNECTION
‘ X TOLER - e e e
INCR GRID 1D
: )
H
—p
eno SEND CHEX
. IEND 1 g
N COMM ORDER
: BACKS ON |
———-ﬂ
, ouUTPUT
CHEX CARDS
. FOR ALL
; X - WIDTH
f IEND - 0 LABELS
¢ -— $‘_ - INCREMENT
i ELEMENT ID'S
. - o =y v s W W —— g
} ouTPUT INCREMENT )
; GRID CARDS
& FOR AL L
i LABELS
- NO

’: SAVE GRID 1D
FOR CONNECTIONS

e e s

VCR GRID ID YES

141
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C-1 PREPROCESSOR

S
82

TAKE CURRENT BUMP ELEMENT {D'S
BUMP GRID & LINE TO NEXT 100
ELEMENT 10'S TO OF GRID 10° LAST - = = = = = ==
NEXT 1000 LINE OF GRIDS JEND2 =0
X = WIDTH
| | 1B 1END = 0
REPORT FROM \ v
TOHEA THETA » THETA + PALUES FOR ALL
WORK FENTWE DELTAT VALUES
Y-VALU
I oUTPUT
GRID CARDS
FOR ALL
vES LAYERS
THETA
%’E‘?ETS FOR < 8999995 Z = LEGY - DEOZ I
PORT!ON OF
i SAVE GRID
l 1D'S FOR CONN
INITIALIZE R INC. GRID 1D'S
i ‘ I
Lt
‘—’ |4 2
L X = % « DELTAX
THETA = DELTAT 1END2 = 1 >
. 1ERD2+ 0 THETA » 90
BUILD CHEX
. G
\
X > TOLER
1END « 0
OLTPUT CHEX
z-0 CARD FOR
ALL LAYERS
QUTPUT INCREMENT
GRID ELEMENT 1D
CARDS FOR e — e ————
ALL 1END = 1
LATERS INCR !
X=0
SAVE GRID ____l
1D'S IN CONN NO
Tt T Z = WIDTH
INCR. GRID 1D
1END =
H| YES

2=2+DELTAX
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s e e e e e+ e

s3I
< g
X C~1 PREPROCESSOR
-
%{‘ 1
o
o !
2 ]
Y : YES
v Z> TOLER
o
B OUTPUT
ERROR
¢ SETUP CHEX MESSAGE
d CARDS ORDER
2 BASED ON | VES
{ OUTPUT CHEX
CARDS FOR
| ADD LAYERS
{ IEND2 = 1
: Z=0
5 INCREMENT
i ELEMENT ID; 5
e - o o o - BS r
; INCREMENT |
E3
CLOSE OUTPUT
FILE
i
! END C1
}
! MAKE CURRENT
, LINE OF GRIDS
K LAST LINE OF
g GRIDS
é’;
1
*
. -
) Z = 2.DELTAZ
H
v ;

s
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APPENDIX E
C-1 MODEJ, PREPROCESSOR PROGRAM OUTPUT

LEVEL 21.8 ( JUN 7¢ ) 0S/360 FORTRAN H
COMPILER OPTIONS = NAME=s MAIN,OPT=014LINECNY=56,SI2E=0000K,

ISN 0002

1SN 0003

ISN 0004 '

ISN 0005
1SN 0006
ISN 0007
ISN 0008
1SN 0009

ISN 0010
1SN o011

1SN 0013
"1SN 0014

1SN 0015
1SN 0016
1Sh 0017
1SN 0018
1SN 0019
ISN 0020

1SN 0022
ISN 0023
1SN 0024
1SN 0025
ISN 0026
1SN 0027
ISN 0028
1SN 0029

H
OOV ™

SOURCE+EBCOTC,NOLISToNODECK s LOAD ¢MAP yNOEDIT NOJD 2 XREF _

DIMENSION LAST(1000)+ICUR(C1000)41G(8)

REAL®8 LEGX1,LEGY ¢WIDTHoRADIUS yDELTAY JDELTAX 9 T(26)oTOLER X4 Y (26)
SPIONG o XSAVE +YSAVE s ANGLE oD IST o XLASToYLASToBELTATYY 4 XXoDELTY2,
SREND THETA+2(26) 4 DELTAZ 4R (26) oHT2 4 XMOD1 y XXHOD o ANOD(26) , .
SYHOD(26 )4 ZMOD+ZMOD2(26) ¢ THMOD JLEGX JLEGXPY oLEGY

. «- NAMELISY /PARAMS/_LEGX1¢LEGYsWIDTHSRADIUS yDELTAX 4DELTAY 2T 0. _ ..
STOLER yDEL TAT 4BEND JDELTAZoLAYERS,
SDELTY2,HT2 -
DATA IGRID/1/4JGRID/10001/ ¢ JCONT/0/+JCUR/O/ yJLAST/O/4TEL/Y/ =
DATA LEGXI+LEGYWIDTH)RADIUSyDELTAXOELTAY,TOLER/ 70,0/
0AYA 1/26%0,C/
. DATA DELTAT,BEND/290,0/¢DELTAZ/0+0/4LAYERS/0/ 40ELTY2/Ce0/
DATA KT2/0.0/

THIS PROGM 1S FOR GENERATING BULK DATA FOR THE FULL BRACKEY
AND 1S CALLED PRE~PROCESSOR FOR C) MODEL
READ IN PARAMETERS
READ(S ¢ PARAMS)
1F (LAYERS +EQ.O)LAYERS® ]
c ECHO PARAMETERS .
WRITE(O J8ILEGX] JLEGY WIDTH RADIUS +OFLTAY oDELTAX(ODELTAY ,BEND,
. STOLERJDELTAZJLAYERS,DELTY2,Hi2 _ ——
& FORMAT( *JPAKAMETER ECHO's/'0LEGX)s *oT13,F8.44/,
€Y LEGYs '4T134F840e/¢* WIDTHs ¢,
ST134F8.6/ " RADIUS® 4T13,F8e6o/s* DELTAYs 2,713 ,F604 4/,
8 DELYAeXs " T13,FEebs/s® DELTA=Ts % ,T13,F8.4,/° BEND= *,T13,F8,
®9/4 TOLERANCES *(F8,4,/¢* DELTA=25',T13,
~ .. OFBebe/s ' LAYERSS' 713,18,/ ODELTAY2x*oT12,F8.40/ ' KEIGHT2S?,
8T13,FB.4)
0D 998 I=]1,LAYERS
WRITE(64997) 1,T7(1)
96T  FORMAT(® LAYER=*,32,' THICKNESS®?,FB,4)
998 CONTINVE
.3 FORMAT(GRID _ _ ', 18,8X43F8.4) _
TFLLAYERS.GT,.25)1G0 1O 900
C INZTIALIZE CONSTANTS
LAYERGSLAYERS )
L(1)sLEGY*REND
D0 35 1s2,LAYERG <
2U1)s2tI=1)0T(]=1)
35 CONTINUE
1END2=0 - B
PI10NGs3,14159/4, -
1PSOLs]}

et r— @ —— 030 A = bremet  —— 4

————— 4o e - ae e s e EE e e hm e cmmvtes S .

" GENERATE PIECE BEFORE FIRST PIECE(MODEL CHANGE 576/78)

[aXaNaXalaX el
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ISN 0030
1SN 0031

1SN 0032

ISN 0033 | _.

1SN 0034
1SN 0035
1SN 0036
1SN 0037
1SN 0038
15

N 0039 _

ISN 0040
1SN 004}

1SN 0042
ISN 0042

1su’odak
1SN 0045
1SN 0046

-ISN OCeT

1SN 0068
ISN 0069

1SN 0031

1SN 0052

ISN 005¢
1Sk 0086

ISN 0057
1SN, 0059

1SN 0060
ISk 0962
1SN 0063

ISN 0065

ISN 0086
ISN 0067
1SN 0068
1SN 0069
1SN 0070
1SN 00T}
ISN 0072
ISN 0073
1SN 0074

c START AT THE LOWER LEFTHAND CORNER
3 THEN MOVE TD THE_RIGHT_UNTIL WE HIT THE CUTOUY _
Y{1)s0,0

430 X=NIDTH ) S,
C GENERATE FAR LEFT GRID POINTY
YYseY(1l)
c TRANSFORMING FROM ORIGINAL TO MODIFIED RECT COORD SYSTEM
_XXMQD=YYSHT2 —
YMoD(1)=2(1)
M0o=X | e e e
quIE(v.l)icalo.xxnoo.vnoo(li.znon
00 495 Is2,LAYERG . _. . .. .. .
YMOD(1)=2(1)
e MRITE (T3 )JGRID 4XXMDD,YMOD ()} » ZMOD
JGRID=JGRID*10000
495 CONTINUE
¢ STORE GRID 1D
JCURsJCUR *]
JCUR{JCUR )= IGRID
_INCREMENT _GRIC_JOD . —_
1GR10=IGR 1De)
JORIDsIGRID®10000_ ___ __ - e e e
c MOVE YO THE LEFT
490 XsX=DELTAX L . — .
4 SAVE X AND ¥
_ XSAVEsX
YSAVEsY(]})
IF(Y(1)sEQe04QIXXSX _ o B L. -
c ARE WE PAST THE 457
ANGLE=DATANLY (1)/X) T,
IF(ANGLE . GT.P10NG)GO TD 540
_ BELON THE 45 . —

-

‘c " FIND DISTYANCE FROR CUTOUY

IF(Y(1)«GT.RADIUSIGO TO 550 o
DISTaXeDSQRT(RADIUSSS2=Y( ] )9e2)
c ARE NE W1THIN TOLERANCE FROM THE CUTOUT o )
IF(DIST.LE.TOLERIGO TO 480
....GoT0. %% ___ _______ _ N - —_
¢ ABOVE THE 45
540 IF(X.GT.RADIUS)GD YO 550 o
DISTeY(1) =DSORY (RADIUSSS2 ~X042)
1F{DISTLLE.TOLERIGO TO 560
¢ NDT AT THE CUTOUT YEY SO GENERATE NORMAL GRID PDINY
550 YYseV(1) . . e
€ TRANSFORMINC EROM ORIGINAL T0 MODIFIED RECT COORD SYSTEW
XXMODsYYeHT2 ] _
YNOD(1)=2 (1)
240D X
WRITE (741 1IGRID,XXMODYNOD (1) 42M00
. . .DD %55 1=2,LAYERG e _
YHDD( ! )e2 (1) — -
WRITE {743 )JGR 1D XXHOD,YMUD 1) 4 ZHOD o
JOR1D=u5R 10410000
555 CONTINUE
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ISN 0075
1SN 0076

ISN 0077
ISN 0078

1SN 0079
1SN 0081

1SN 0083
1SN 0086
1SN 0085
1SN 0086
ISN 0087
1SN 0088
1SN 0089
1SN 0090
1SN 0091
1SN 0092
1SN 0093
1SN 0096
1SN 0096

1SN 0097 .

1SN 0098
1SN 0099
1SN 0100

1SN 0101

ISN 0102
1SN 0102

1SN 0104
IS8 0105

ISN 0106
1SN 0107
ISN 0308

ISN 0109
ISN 0110
ISs 01}
IsSN Q112
1SN 0112
ISN 0114
IS8 0115
ISN 0116
1SN 0127

(2]

[aXa) ~: M
H

¢
4
14
C
<

C

STORE GRID 10
JOURSJCUR®Y | o . il e o e e e e =
JICUR{JCUR )= ]IGRID
INCREMENT GRID ID'S B . e .
IGRIDOsIGRID*1
JGRID=IGRID+10000
1F TH1S 1S THE FIRST LINE OF GRIDS, OON'T GENERATE CONNECTIONS
CIFIY(1).EC.0.0)6D. 10 490, e e
"MAKE SURE NE NAVE A POINT NEXT YO THIS ONE -
1E(JCURGTJLAST)GD TO %580 . R . e e —
GENERATE QUAD ELEMENT
FIRST SET UP GRID POINY OROER .. e e
$90 16(1)=sICUR{JCULR)
IG(2)sTCURIMCUR=Y ) o il i et e s ———— .
16(3)aL AST(JCUR=1)
16(6)sLAST(JCUR) B . c - -
15(S1=56(1}+10000
16(6)=16(2)+10000
16(7)=]1613)+10000 .
16€8)sIGUO) 30000 _ . . . o e L een e e o ———
JEL=JEL
JPSOL=]PSOL
D0 565 J=1,LAYERS
1F{J.EQel) GO TO 567
JELsJEL 410000
. JPSOLBJPSOL®Y0_ L el e e e ——— e
DO 566 K=}1,8
16(K)s1GIK)*10000 L.
566 CONTINUE
PUNCH CONNECTION CARD Lo
567 WRITE(T22)JEL oJPSOL4(IGI1) o151 ,40 )0 ICONT
INCREMENT CONTINUATION FIELD. — e e
JCONT=JCONT
1CONTsJCONT ) .
PUNCH CONTINUATION OF CONNECTION CARD
WRITELT+3YJCONT,LIG(T)16(8)
565 CONTINUE

INCREMENT, ELEMENT 10 _ . o o o o
T1ELslEL¢)

KEEP GOING TILL WE MIT THE cuTOuY

G0 YO 490

IF WE DON'T WAVE A POINT NEXT YO THIS ONE PUY ONE ON THE CURVE

$80 YYs«DSQRT(RADJUSSS2-X882)

TRANSFORMING FROM_ORIGINAL TO MODIFIED RECT CODRD SYSTEM __
XXMOD®YY#HT2

YHOO(1)s2(1}

IMOD= X

WRITE (742 J1GRI0,XXMODYNOD(D) 42M00
DO 585 1s2,LAYERG
_ YMOD(1)e2 (1)
WRITE(741)JGE i3, XXHOD, ¥MODCT) 4 2N00
JGRID=JGR 10+10000
585 CONTINUE
STORE GRID ID

Nt e e ——— ————
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1SN
1SN

1SN
15N
1SN

1SN
ISN

15N
1SN

ISN
iSN
ISN
ISN
ISN
1SN
1SN
15W
ISN

ISN
1SN

ISN
1SN

1SN
1SN

1SN
1SN
15N
1SN
1SN
1SN
1SN
1SN
1SN
1SN
1SN
ISN
1SN
1SN
1SN
ISN

0118

0119 |

0120
o121
0l22

0123
0124

0125
0126

0127
0128
0129
0130
0
0132
0133
0134
0135

0136
0137

0138
0139

0140
0142

0144
014%
0146
0147
0148
0149
0150
0151
0152
01%3
015¢

0155 .

0187
0158
0159
0160

s B e e e AN R AL 70 1 0 5 grwen ok r o n e et et e W ot s p e e

JUAST=JLAST ]

D LAST(JLASTI=IGRIO ___ .. _ _ . . .. . __....

C

¢
C
C
¥
560
<
. 480

570
C

INCREMENT GRID 1D
IGRID=1GRID+] R —— e
JGRID=1GR 10410000
G0 10 590 A .. . e e . -

WE'VE HIT THE_CUTOUT,_ SO GENERATE ——
" A GRID POINT ON THE CURVE OF THE CUTOUT
WE'RE ABOVE THE 45, SO MOVE IN THE Y~DIRECTION
Y(1)sDSORT(RADIUS*#2=X882)
60 T0 570

WE'RE BELOW THE 45 SO MOVE IN THE X~DIRECTION
XsCDSQRT(RADIUS®22=Y{])e#2})

Yys=Y(1)

.- . e B I TR S CURPE

TRANSFORMING FROM ORIGINAL TO MODIFIED RECT COORD SYSTEM

XXMODsYY4HT2
YMOD(1)=2(1) . . . - .
Zn00sX

WRITE(T51 )IGRID S XXNODWYMOD ()0 2MOD . . o .

00 S75 Is2,LAYERG

YMOO(1)=2(1)

WRITE (741 )JGRID 4XXMOD4YMOD (1) ¢ 2MOD
JGRI10sJGRID+10000

CONTINUE

STORE GRID 1D . ... .. e v —
JCURBJCUR 41

ICUR(JCUR )sIGRID

INCREMENT GRID 10°'S

IGRID=IGRID#]

JGRID=1GRID*10000

S h e e —— b - .

.1F THIS 1S THE FIRST LINE OF GR1DS, DON'Y GENERATE CONNECTIONS

iF(Y{1).6Q.0,0)G0 YO 530

D10 WE CROSS A LINE OF GR1DS?

1F(ASAVEJNEXLAST)GD YO 500

WE DION'T CKDSS A LINE OF GR1OS SO “
CENERATE A QUAD ELEMENT

. FIRST SET UP. THE_GRID. ORDER _ __ _ . .. . . .

16(1) s 1CUR(JCUR)
16(2) *1CUR(JCUR=1) .
16 (3)sLAST(JCUR=1)

16(4)sLAST(JCUR)

16{5)=16(1)+10000

. 16(6)s1642)000000 .. L. Ll il ce f e e m s

16(7)=16G(23)1+10000
16(8)s1G(4)+1C300
JELS]IEL
JPSOL=IPSOL

00 576 Js1.LAYERS

. JFUJ.EQ.YIGD YO S8 _ L .. ... e e e v

JPSOL=JPSOL+10
JELsSJEL+10000

00 577 K=1,6
16(K)s1GIK) 10000
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1SN 0161 577 CONTINUE
. € . PUNCH CONNECTION CARD _ e
ISN Olé62 $78 WRITE(742)JEL »JPSOL(1G(1) 4151 46) 4 ICONT

C INCREMENY CONTINUATION FIELD
1SN 0263 JCONT=JCONY :
1SN 01é¢ 1CONT=1CONT+] :
¢ PUNCH CONTINUATION OF CONNECTION CARD )
JSN 0165 . .__ _WRITE(T53)JCONT2607).16(8) . _._ -

; ISN 0166 576 CONTINUE - ;

: c INCREMENT ELEMENY 10 . .. . e e - )
ISN 0167 JIELeTEL#) ’
1SN 0168 6o 0530 . . . . . . - .. .

¢

wee— € .. WE _CROSSED A LINE_DF_GRIDS SO ME NEED A JRIANGULAR ______ _ _
¢ ELEMENT INSTEAD OF A QUAD ELEMENY
4 ®IRSY SET._UP. THE GR1D ORDER

ISN 0169 500 1G(1)sICUR(JCUR=]} w -
ISN 0170 IG(2)ISLAST(JCUR=1) . '
ISN oin ¥G{31 ICURIJCUR)

ISN 0172 ... ._J5(4)e]6(1)210000__ - ———- -

ISN 0173 16(5)el16(2)+30000

1SN 017« 16($)=16{3)+10000

ISN 0175 JELSJEL

1SN 0176 JPSOL=1PSOL

ISN 0177 D0 505 J=1,LAYERS

ISN 0178 _ . IF(JJEQ.Y) GO YO B0Y . e e . _

1SN 0100 JPSOLsJPSOL 410

ISN 0l8] JEL=JEL 10000

1SN 0182 00 506 K=1,6

1SN 0183 I1G(KIsIG(K)}*10000

ISN Olée 506 CONTINUE

¢ PUNCH CONNECYION CARD __
ISN 0188 507 NﬁlYE(7o&)JELoJPSOLo(lG(l)ol'tob)
ISN 0168 4 FCRMAT('CPENTA *,818)
1SN 0167 505 CONTINUE
INCREMENT SLEMENT 30
JSN o188 JEL=1EL+)

¢ . v ———— — S OT— 4 T — —

«

. C . SAVE LAST X AND_Y_VALUES e e e
ISN 0189 530 YLASTSYSAVE )
ISN 0190 XLASTSXSAVE

4 NOW MOVE CURRENT GRIDS TD LAST GRIDS
ISN 0151 00 %10 I=1,JCLR
1SN 0192 LAST(I)sICUR(Y
ISN 0193 830 CONYINUE . _ . _
1SN 0194 JLAST=JCUR ¢
¢ RESET CURRENT CRID COUNTER
ISN 0195 JCLReO
4 MOVE UP A LINE'
ISN 0196 IF{ANGLE.GT.PIDN& )V 1 )sYSAVE : “
1SN 0198 . Y(1)aY(1)eDELTY2 e, p
4 ARE WE 2T THE TOP '5F THE CLYOUT? T Tt
ISN 019§ IF{Y(1) L T4{RADIUS*TOLERY }GO TO 430
(4 STARY GCING UP IN THE Y~DIRECTION UNTIL WE MIT THE TOP

¢ START AT THE LEFT EOGE
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1SN 0201 Y(1)sY(1)=DELTY2
ISN 0202 GO TO €75
ISN 0203 20 XxsWIDTH

4 GENERATE NEXT LINE OF GRID POINTS
1SN 0204 1END=0
ISN 0205 440 YYsey(1)

C  TRANSFORMING FROM ORIGINAL YO MODIFIED RECY COORD SYSTEM

e e s > Cm e emasEme @ W Wl teimm mmr  m e e Srmrema i e Sia S - m—

‘ ISN 0206 _ . _ _XXMODsYY#HY2 _ _ e e
{ 1SN 0207 YHMOD(1)e2(})
: 1SN 0208 IM0DeX . . ) o
T 1SN 0209 WRITE(?+2)ICRIDXXMODYHOD (1) +2M0D
| 1SN 0210 DO 445 Is2,LAYERG } L
} 1SN 0211 YNOO(1)=2(1)
1SN 0212 L WRITE(T,1)JGRID,XXMOD,YMOD (1) o ZNOD__ e
1SN 0213 JGR108JGR 10410000
i 1SN 0214 45 CONTINUE : i o
i (4 SAVE GRID 1D*S FUR ELSMENT CONNECTIONS
* IS8 0218 JCUR® JCUR o3
ISN 0216 ICUR(JCUR )= IGRID
C _  INCREMENY GRID 1D°S__ _ ___ _ . . . . e
1SN 0217 IGRIDSICRIDe]
1SN 0218 JGRID=1GR 10010000
c SEE 1F THERE 1S A POINY NEXV TO THIS DNE
1SN 0219 IF (JCURJGY,JLASTIGU TO 452
4 MOVE TO YHE RIGHT ONE INCREMENT AND REPEAY
ISN 0221 . &5 XsXeDELYAX
1SN 0222 IF(XGT . TOLERIGO TO ¢40
¢ MAKE SURE WE GEY THE RIGHY EOGE L
1SN 0226 IFCIENDEQ.1)GO TO 450
ISN 0226 %80,0
1SN 0227 1ENDs}
1SN 0228 ¢ GO T0 460 _ __ _ e ot e v e n emam oo o e
g GENERATE ELEMENT CONNECTIONS
ISN 0229 450 DO 460 Is2,JLAST o
(4 FIRST SET UP THE GRID POINT ORDER
1SN 0230 . BOOY R CURCY ) o o e
1SN 0231 16(2)=1CUR(]=])
ISN 0232 16(3)sLaST(]-1)
15N 0233 16(e)sLAST(])
1SN 0234 1645)=1G{1)+10000
ISN 0235 1616)816¢2)¢16000
ISN 0236 .  _  1G(7)slG(3Ye20000 __ . . e
1SN 0237 16¢(8)s16(4)1C000
. 1SN 0238 JEL=]EL
' IZN 0239 JPSOLSIPSOL
. ISN €240 D0 455 Ks],LAVERS
1SN 0261 IF(K.EQ.)) GO YD 457
¥ 1SN 0243 L JELSJEL®Y0000. e
ISN 0244 JPSOL=JPSOL*10
1SN 0245 D0 456 L=},0
§ 1SN 0246 16(L)=1GIL)+10000
! ISN 0247 56 CONTINUE

A T s © Ee
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. c PUNCH CONNECTION CARD

. ISN 02648 657 WRITE(T42)JEL yJPSOL2{IG(J) od=1,6), ICONT e
13 4 INCREMENT CONTINUATION FIELD
i ISN 0249 _ JCONT=ICONT e e el

by 1SN 0250 1CONT=1CONT*}

3 [4 PUNCH CONTINUATION OF CONNECTION CARD .

i 1SN 0251 WRITE(743)JCONT,LIG(7),16G(8)

¢ ISN 0252 .....2 FORMAT('CHEXA *oBI8,0°, 10 . . . o
i 1SN 0253 3 FORMAT(®4,17,218)

g ISN 0254 55 CONTINUE -

{ c INCREMENT ELEMENT IC

; 1SN 0255 JELSJEL®Y  _ . -

{ ISN 0256 460 CONTINUE -

: € . MOVE CURRENY LINE OF GRIDS YO LASY LINE .

! ISN 0257 00 470 3s1,JCUR

: 1SN 0258 LAST(1)=ICUR(]) . - e

¢ ISN 0255 470 CONTINUE

1 1SN 0260 JLASTSJCUR . . .

c MAKE CURRENT LINE EMPTY

ISN 0261. ... .. JCURsO __._ . __ — - —— me e e memen ————e e
c MOVE UP A LINE

ISN Q262 475 Y(1)sY(2)&DELTY2 —— . .-
C HAVE WE WIT THE TOP YET?

ISN 0263 JF(Y(1) LT (HT2-TOLER)IGD TO 420 . - -

1SN 0263 IF(IEND2.€EQ.11GD YO 600

ISN 0267_.. ..  1END2e) o - w1 vt oncmtin s b e o+ Seoem i 2o #
1SN 0268 Y{1)aNHT2

ISN 0269 GO T0 420

C 1F WE DON'YT HAVE 4 POINT NEXT TO THIS ONE PUT ONE ON THE CURVE
1SN 0270 452 YYe=DSORT(RADIUSES2=~)002)
¢ TRANSFORMING FROM ORIGINAL TO MODIFIED RECT COORD SYSTEM

ISK 02T .- JARMODSYYOMYR e e e e—————
1SN Q272 YMOD(1)82())

I1SM 0273 TnOD=X .-

1SN 0274 WRITE(741)IGRID s XXHOD,YMOD (1) s 2HOD

1SN 0275 00 453 Js2,LAVERG . ; C e -

ISN 0276 YHOD(1)s2(3)

ISN 0277 _ ___WRITE(7+3 JJORID W XXMODLYMOOAISZMOD .. .. (o e e e
ISN 0278 JOR10#JGR1D+10000

1SN 0279 433 CONTINUE
c STORE GRID 0D

, 1SN 0280 JLAST=JLAST )
: 1SN 0281 LAST(JLAST)«1GRID
: € .. INCREMENT GRIG.ID ___ .. . o o o
1SN 0282 167.10s1GR 1D} -
1SN 0283 JGRID=IGR 1D+ €000
1SN 0284 G0 0 451
ISN 0265 600 1GRID=({1GRID/1000¢1)%1000¢1
1SN 0286 JGR1D=1GR 30+1 0000 .
: ISN 0287 ____  IELs(IEL/100041)%100083 . _ _ . ___ . _ . . ___ . L
; 1SN 0288 XLASTe=XX
{ 1SN 0289 ] 1END20
: ¢
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AR

R Jatierey
5,

P

BN

1SN 0290

ISN 0291 __

ISN 0295 _ . .__

1SN 0296
1SN 0297
1SN 0298
1SN 0299
1SN 0300
ISN 0301
1SN 0302 c
ISN 0303

1SN 0305

1SN 0307
1SN 0308

ISN 0309

(4 XaNalaXaXal

C
c
1SN 0292
1SN 0293
ISN 0294

GENERATE FIRST PIECE WiTH CUTOUT IN 17

START AT THE LOWER LEFTHAND CORNER
THEN MOVE YO THE RIGHT UNTIL WE HIT THE CUTOUT,
Y(1)=DELTAY
.30 _X=NIDTH
GENERATE FAR LEFT GRID POINT
TRANSFORMING FROM ORIGINAL TO MODIFIED RECT COORD SYSTEM_
XMOD(1) =Y (1)4HT2
YMOD(1)s2 (1) e . . U
naDsX
_WNRITE(7,1)1GRIDXMOPL]) »YMODE1) 920D __
00 95 1s2,LAYERG
YMOD(1)=2(1)
uaxve«v.l)Jcaxo.xnoo<1).vnoo(1).znno
JGRID=JGRID+10000 . . . . .
95 CONTINUE

ceem = e e

€. STORE_GRID.1D —

c
C

1SN 0310 __

ISN 0311

1SN 0312
ISN 0313

1SN 0315
ISN 0317

ISN 0318
1SN 0320

ISN 0321
1SN 0323
ISN Q324

ISN 0326 .

ISN 0327
1SN 0328
ISN 0329
1SN 0330

c

¢

L

4

c

C
C

JCURS JCUR ¢}
1CUR(JCUR)SIGRID  _ i
IF FIRST LINE OF GRIDS PICK UP GRID # FOR LASY L INE
TF(Y(1) EQ.DELTAY)LAST(JCUR)SMOD(IGRID,1000)
IFCY(1) JEQ.DELTAY)JLAST=JCUR
_ INCREMENT. GRID_1D
1GRID=JGRID+1
JGR1D=1GRID+10000 _
MOVE YO THE LEFY
90 4sX-DELTAX
SAVE X AND Y
KSAVEsX_ __.
YSAVEsY(1)
ARE NE PAST THE ¢57_
ANGLE=DATAN(Y(1)/X)
1F{ANGLELCT,PIONG)GO TD 140
BELI'4 THE 45
FINO DISTANCE_FROM_CUTOUY
1F(Y(1) .GT.RADIUS)GO 1O 150
D1STeX~DSORT(RADIUSES2-Y(1)se2)
ARE WE WITHIN TOLERANCE FROM THE CUTOUT
IF(DIST.LE.TOLER)GD TO 80
6G 10 150
ABOVE THE 45_ o
140 1F(X.GT.RADIUSIGO YO 150
DISTeY{1) =DSORT(RADIUSEH2~X852)
IF(DIST.LE.TOLER)GD TO 160
NOT AT THE CUTOUT YET SO GENERATE NORMAL GRIO POINY
TRANSFORMING FROM ORIGINAL TO MODIFIED RECT COORD SYSTEM
150 XMOD(1)sY(1)aHT2
YMOD(1)82 (1)
2MOD=X
WRITE(7,3)1GRID,XMOD(3),YMOD(1) 42ZMOD
D0 155 1s2,LAYERG

e - — ———— ot § - -
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‘ 1SN 0331 YMOO(1)s2(1)
B ISN 0332 ____ WRITE(7,1)JGRID,XMODSI ), YMOD(T),2M00_ _ . .. _ .. .
] 1SN 0333 JGRID=JGRID+10000
3 i 1SN 033¢ 155 CONTINUE L o .

b STORE GR1D 1D

7 1SN 0335 JCURs JCUR +1 . . S
& 1SN 0336 ICUR{JCUR }=1GRID

R —_JF_FIRSY LINE_OF GRIDS, PICK UP GRID # FOR LAST_LINE__
- L ISN 0337 1F(Y(1)oEQ.DELTAYILAST(JCUR)sMOD(3GRID41000) :
o7 ISN 0339 . IF(Y(1).EQ.DELTAY)JLASTsJCUR  _  _ o
e INCREMENT GR1D 10°'S

L ISN 0341 IGRID=IGR IDe] - . —
B ISN 0342 JGRIDSIGR 10410000 -
T ._.MAKE SURE WE_HAVE A POINT NEXY YO0 YHIS ONE = _
e ! ISN 0343 IF(JCUR.GT,JLASTIGOD YO 18V

- GENSRATE QUAD ELEMENT X o

7 S FIRST SET UP GRID PDINT ORDER

S ISN 03645 190 1G(1)=LAST(JCULR) )

v 1SN 0346 16(2)=sLAST(JCUR=])

B ISN 03647, _ _IG(N=ICURGICUR=Y)_
B 1SN 0348 16(6)=1CUR(JCUR) R
LA 1SN 0349 16(5)=16{1)*10000 _

e ISN 0350 16(6)=16(2)+10000

- ISN 0351 16(7)=1G(3)+1€000 . . .

. 1SN 0352 16(8)s1G(4)+10000

i3 ISN 0353 . JEL®IEL____ . __ e e e e e e
i 1SN 0354 JPSOL~1PSOL

=S ISN 0355 00 165 J=1,LAYERS . .. 3

B ISN 0356 IF(J.EQ1) GD TD 167

g 1SN 0358 JEL®JEL +10000

0 ISN 0359 JPSOLsJPSOL®10

e ISN 0360 .. OO0 166 Ksl,8 __ _ e e e e e
7 ISN 0361 164K)s16({K)+10000

33 1SN 0362 166 CONTINUE

3 PUNCH CONNECTION CARD

b ISN 0363 167 WRITE(742)JEL +JPSOL o ({1G(1)4Tu246)1CONT

4 INCREMENT CONTINUATION FLELD

T ISN 0366 .. JCONTSICONT _
L ISN 0365 JCONT=1CONT)

5 PUNCH CONTINUATION OF CONNECTION CARD

59 1SN 0366 WRITE{7,3)JCONT1G(7),1G(8)

5 ISN 0367 165 CONTINUE

2 INCREMENT ELEMENT 1D

- ISN 0368 . . 1EL®1ELel - e v —e
- " KEEP GOING TILL WE WIT THE Cutoul ™~ )

Y 1SN 0369 GO Y0 90

5 . IF WE DON'YT HAVE A POINT NEXT TO THIS ONE PUT ONE ON THE CURVE

3 ISN 0370 180 YV=eDSQRT(RADIUSS2-X082)

b, TRANSFORMING FROM ORIGINAL TO WODIFIED RECT COORD SYSTEM  °

: ISN 0371 . _ _ XXMODsYY#HT2 _ e

2 ISN 0372 ~ 7 YMOD(1)s2(3) T T T
A 1SN 0373 IM0D=X

o . ISN 0374 MRITE(7.,1)1GRIDXXMOD,YMDD (1) ,2MOD

& 4 ISN 0375 00 185 1=2,LAYERG

VA

i

) :

7 ¢
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ISN 0376 YNOD(1)sZ (1)
ISN 0377 . WRITE(7,1)JGRID,XXMOD,YMOD(I)ZNO0 . . __ .. ...
ISN 0378 JGRID=JGR 1D+10000
ISN 0379 185 CONTINUE e i
c STORE GRID 1D
ISN 0380 JLAST=JLAST4] N . L
1SN 0381 LASTIJLAST)=16RID ,
. € L INCREMENT GRID.ID o e e e ‘
ISN 0382 JGRIDSIGRID+1
1SN 0383 JGRID=1GR ID+10000 L ,
ISN 0384 G0 T0 190
’ C
c WE'VE MIT THE CUTOUT, SO GENERATE
C.. & GRID POINT ON THE CURVE OF THE CUTOUT e
¢ WE'RE ABOVE THE 5, SO MOVE IN THE Y=DIRECTION

1SN 0385 160 Y(1)sDSQRT(RADIUS*$2-X%%2)
N 1SN 0386 G0 Y0 170
’ (¥ WE'RE BELOW THE 45 SO MOVE IN THE X-DIRECTION
1SN 0387 80 X=DSORT(RADIUS®S2=Y(]1)982)
. . C.. _TRANSFORMING FROM ORJIGINAL_ YO MODIFIED RECY_COORD_SYSTEM___ __
1SN 02388 170 XMOD(1)sY(})eHT2

1SN 0389 YMOD(1)s2 (1) ——

1SN 0390 ZM00=X

1SN 039] WRITE(7,1IGRID,XMOD(1) oYHOD(1),2M0OD

1SN 0392 00 175 1=2,LAYERG

ISN 0293 _ _ YMOD(1)sZ(1) __ e e v
1SN 039¢ WRITE (T,1)JGRID,XMODT1),YMOD( 1) o2M0O0

1SN 0395 JGRID=JGR 1D+ 10000

1SN 0396 175 CONTINUVE
o SYORE GRID 10 -

ISN 0397 JCURs JCUR+)

ISN 0398 . _  JCUR(JCUR)SIGRID_ . __. __._ . -
C 1F FIRSY LINE OF GRIDS, PlCK e’ GRID ¢ FOR LASY LINE

1SN 0399 IFCYL)) oEQ.DELTAYILAST(JCUR)=MOD{IGR]ID,2000)

1SN 0401 IF(Y(1) EQ.DELTAYIJLASTSJCUR
c INCREMENT GRI1D 10°S

1SN 0403 IGRID=1GR1D¢1

1SN 06406 _ __ JGRIDsIGRI1D#30000_ ___ e e e
c D10 WE CROSS A LINE OF GRIDS?

1SN 0405 IF(XSAVE.NEXLAST)IGO TO 100
c WE OIDN'T CROSS.A LINE OF GRIDS SO
C GENERAYE A QUAD ELEMENT
C FIRSYT SEY UP THE GR)ID ORDER

1Sk 0407 . Jel1d=LAST(JCURY . . e e e e

1SN 06408 16(2) sLAST(JCUR])

ISN 0409 16(3)=JCUR(JCUR=])

ISN 0410 1G6(4)=ICUR(JCLR)

1SN 0411 16(S5)=16(1)¢10000

ISN 0612 16(6)=16(2)+10000

N ISN 0013 . . L JGUTIsIG()e10000 _ . o e e ee v e s

R ISN 0416 16(8)s1G(4)+10000

. ISN 0415 JELSIEL

: ISN 0416 JPSOL=1PSOL

i 1SN 0417 D0 176 J=l,LAYERS

H -«

3 - -
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ISN 0418 JF(J.EQ.1)60 10 178

ISN 06420 .. ___JPSOL=JPSOLYO e e e e e
ISN 0421 JEL=JEL+]1 0000

ISN 0422 00 177 Ks),8

ISN 0423 16(K)*1G(K)+10000

ISN 0424 177 CONTINUE ce - . - S,
c PUNCH CONNECTION CARD
JSN_0625 __178 NRITE(T52)JELaJPSOLSL 1681 ).0001,56)41CONT —
INCREMENT CONTINUATIOM FIELD

e S ARG A 5, s s e g3 -

ISN 0626 . JCONT=] CONY i i et e o s ce em e e e -
ISN 0427 ICONT=1CONT+]
C PUNCH CONTINUATION OF CONNECTION CARD . - . M
1SN O4e8 WRITE(7+3)JCONTL1G(7)+1G18)
1SN 0629._ 176 CONTINUE _ — —
c INCREMENT ELEPENT 10
1SN 0630 1ELS]ELS] s mmmme e e e . o e e e e e s
ISN 04231 GO T0 130 i
¢

¢ WE CROSSED A LINE OF GRIDS SO WE NEED A TRIANGULAR

R SR ELENENT.JNSTEAD OF A QUiD_ELEMENT

FIRST SET UP TME GRID ORDER

1SN 0632 100 1G(1)sLAST(JCUR=) __ ___ L .

ARG s it o s e 3 BTN K M

1SN 0433 16(2) sICUR(JCUR=1)

1SN 043¢ 16(3)s1CUR(JCLR) _ . o
ISN 0635 16(6)=16(1)+10000

JSN.0436. . _ .. 16(5)=1G{2)10000 e e

1SN 0437 16(6)=16(3)+10000

1SN 0438 JELSIEL - .

1SN 0439 JPSOL=IPSOL

1SN 0640 00 105 Je1,LAYERS ‘ i

1SN 0edl IFLJ.EQ.1) GO TO 167

JSN 0643 JPSOL=JPSOL10__ . - —
1SN 0466 JEL=JEL 410000

1SN 0645 0D 106 Ksl,6 L )

1SN 0646 16(K) = 16(X)+1C000

ISN 04e7 106 CONYINUE - .
c PUNCH CONNECTION CARD’
CISN 0648 107 WRITE{?;40JELJRSQL UG Da39b) o e
ISN 0449 105 CONTINUE
c INCREMENT ELEMENT 10 o
1SN 0450 JELs1EL+)
¢ SAVE LAST X AND Y VALUES
1SN 06451 130 YLAST=YSAVE

1SN 0452 _ XLAST=XSAVE e
€ TNDM MODVE CURRENT GRI0S YD LASY GRIDS
1SN 0653 00 110 Is1,JCUR )
1SN 0454 LAST(1)=ICUR(T)
ISN 0455 110 CONTINUE )
1SN 0456 JUAST=JCUR
C ... RESET CURRENT GRID COUNTER , .
1SN 0457 JCURSO ——
C MOVE UP A LINE
1SR 0658 1F (ANGLE+GToPIONG )Y (1) = YSAVE
1SN 0460 Y(1)sY(1) +DELTAY
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c ARE WE AT THE TOP OF THE CUTOUT?

ISN 0461 . __IF(Y(1).LT,(RADIUSSTOLER)IGD YO 30
= € T START GOING UP IN THE Y-DIRECTION UNTIL WE MIT THE TOP™
8 c START AT THE LEFT_ECGE_ , o
I 1SN 0663 Y(1)sY{1) ~DELTAY :
A ISN 0464 Go 0 S . .. .. _.. —— _ Lo e e e
9 i ISN 0465 20 XsNIDTH
) ' SR GENERATE NEXT_LINE_OF GRIO POINYS__ . _
3 1SN 0666 J1END=0

C TRANSFORMING FROM ORIGINAL YO MODIFIED RECY COORD SYSTEM
ISN 0667 40 XMOD(1)wY(1)eHT2

¢
il i ISN 0668 YMOD(3)eZ (1) ——— - e e
. N ‘ ISN 0469 Mn0=x
ke i ISN 06470 .. WRITE(T,1)IGRIDSXMODC)),YMOD(3)e2MOD _ .
2 ¢ ISN 047) DO 45 1=2,LAYERG
iy - ISN 0472 YHOD(1)s2 (1) e e e e
a : ISN 0673 NR!TE(?.I)JGR!D.!NDD(I).YHDD(l).lNUD
5 o ISN 0474 JGRID=JGR1D+10000 _
: 1SN 0475 45 CONTINUE
} , C. ._.SAVE GRID JD*S FOR ELEMENY CONNECVIONS __ . . ___
; 1SN 0476 " JCURSJCUR #1
e 1SN 0477 JCURCJCUR)=IGRID . _ . . L , .
; c INCREMENT GRID 10°S
; 1SN 0478 IGRID=IGRID} - . , - ..
=, ISN 06479 JORID®IGRID¢10000
e e - _SEE 1F YHERE 1S A_POINY NEXY YO THIS ONE ..
i 1SN 0480 IF (JCUR.GT.JLASTIGO TD 82
2 (4 MNOVE TO THE RIGMT ONE INCREMENT AND REPEAT _ .
B ISN 0482 $1 XsX=DELTAX
- 1SN 0683 IF(X+GT.TOLER)GD TO 40 . o L
4 (4 MAKE SURE WE GET THE RIGHT EDGE
E: ISK 0485 _ JFUIENDGEQ,1)60 D %0 o e
A 1SN 0687 %20,0
R ISN 0668 1ENDs1 I
k> ISN 0489 G0 0 40
4
§: 4 GENERATE ELEMENT CONNECTIONS
- . € o e i e oee ewre e veatree et e it s . 2t e 2 1 e e e e e
o ISN 0690 S0 DO 60 132,JLASY '
. 4 FIRST SET UP THE GRID POINT DRODER
. ISN 0491 1G(1)=LAST(])
i 1SN 0492 16(2)sLAST(§=1) -
b ISN 0493 16(3)s1CURL1~1)
] ISN 0496 . JGte)ICURAYY e e
1SN 0495 16(5)=1G(1)+10000
ISN 06496 16(6)s16(2)+10000 _
ISN 0697 16(7)=16(3)+10000
15N 0498 16(8)=1G(4)«10000
1SN 0499 JELSIEL
ISN 0500 _ __ JPSOLsIPSOL e e ——
Y. 1SN 0501 D0 55 Ks1,LAVERS
: ISN 9502 IF(K.EQe1) GO T0 57
' 1SN 0506 JEL®JEL #10000
i 1SN 0505 JPSOL=JPSOL+10 3
; !
? |
i
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1SN 0506 00 56 L=1,.8
ISN 0507 .. 16(L)=I6ML)e20000 . . L. L. ..o
1SN 0508 56 CONTINUE
C PUNCH CONNECTION CARD = ..
1SN 0509 57 WRITE(Te2)JEL yJPSOL(IG(JS)ed=146) ¢ JICONT

i
|
{ g C . INCREMENT CONTINUATION FIELD .. - e - -
& ISN 0510 JCONT=J CONY
S ISN 0511 ..  JCONT=ICONT®d. . ____ . . ..__.___ ... ..
N c PUNCH CONTINUATION OF CONNECTION CARD
e 1SN 0512 WRITE(743)JCONT,1G(T7)41G(8) e e e
%‘ ! ISN 0513 55 CONTINUE
p c INCREMENT ELEMENT 10
ISN 0514 JIEL=1EL¢] ; :

JSN 0515 _ 60 CONTINUE  _ _ __ . P
4 MOVE CURRENT LINE OF GRIDS TO LAST LINE

SF

ISN 0516 00 70 1=1,JCUR R e e -
1SN 0517 LAST(1)sICUR(])
1SN 0518 70 CONTINUE ; - )
1SN 0519 JLASTsJCUR
. - G .. MAKE CURRENT. LINE EMPYY. o o o e
ISN 0520 JCUR=0

c MOVE UP A LINE
ISN 0521 75 Y{1)=Y(1)eDELTAY
c HAVE NE MIT THE TOP YET?

ISN 0522 TFCY(1)oLTo(LEGXI=TOLER))IGO YO 20

ISN 052¢ . L JFUIEND2.EQL1JG0_TQ 200 . . . . . L o ————— -
ISN 0526 J1END2s]

ISN 0527 Y{1)sLEGX] . Ce

ISN 0528 G0 Y0 2¢

¢ JF WE DON'T HAVE A PDINY NEXT TO THIS ONE PUT ONE ON THE CURVE
1SN 0529 92 YYseDSQRT (RADIUSS#2+X8%2)
C .. JRANSFORMING FROM_DRIGINAL. TO_MUDIFJED RECT COORD_SYSYEM _ ____

ISN 0530 XXMOD=YYoHT2
ISN 0531 YHOO(1)=2(1) - - N
ISN 0532 IM0DeX
1SN 0533 WRITE(741JIGRIC,XXH0D+YMOD(1) + 200D
1SN 053¢ 00 53 1s2.,LAYERG .
- ISN 0535 . L YMODUIMeR L) . o o . e e e e
ISN 0536 WRITE(T+1)JGRID,XXMOD,YHOD () 4ZMOD
ISN 0537 JGRID=JGR1D¢1000C
1SN 0538 $3 CONTINUE
< SYORE GRID 10
1SN 0539 JLASTsJLAST)
1SN 0540 . LASTOILASTISIGRID . . L il e e e
c INCREMENT GR1D 1D
1SN 0541 IGRID=1GR1D+1
ISN 0562 JGRID=IGRID¢20000
1SN 0543 ¢ G0 10 51 .
e e e e ———
C END OF FIRST PIECE .
C
c
C
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1SN
ISN
1SN
1SN

ISN.

1SN

1SN
1SN
1SN

_ISN

1SN
1SN
1SN
1SN
1SN
ISN
1SN
ISN
ISN
1SN

TISN

1SN
ISN
1SN
15N
1SN
1SN
1SN
1SN
1SN
15N

. ISN

1SN
1SN

ISN
ISN
1SN
1SN

ISN

1SN
ISN
1SN
1SN
1SN
ISN

C GENERATE THE 90-DEGREE BEND
e i e s ae .
c FIRST ESTABLISH A CYLINDRICAL CO~ORDINATE SYSTEM
0564 200 X=0.0 - . " .
0545 LEGX=HT24LEGX]
0546 LEGXPI=LEGX+1., .
0547 LEGYsLEGY
0548 . __ __ WRITE{75203 JLEGXsLEGY,LEGX)LEGY,JCONY _____ _
0549 201 ;ORRAT('CORDZC *o5K0 9100 48X 0 2FB46 45X %0007 42FB ok 95Xy 104"
17 C— m—— e - - Ce e . - -
0550 JCONTSICONT
0551 ICONT=JCONT+1 - . e e
0552 WRITE(74202) JCONT JLEGXP] 4 LEGY
0553 ___202_FORMAT('¢%517,2F8,455%,%0,.0%) — —
c SET INITIAL VALUES
0554 IPSOL=1PSOL+] - - e e e -
0555 R{1)=BEND
0556 00 205 Is2,LAYERG . . _ _
0557 RUI)sR{1=1)eT(1=1)
0556 __ 205 CONTINUVE ___ R
0559 THETA=DEL TAY
0560 JEL=((JEL/1000)+1)8]1000¢) _ . - B .
0561 1END2=0
0562 250 IENDs=0O .
0563 1(1}=0,0

. C_. _TRANSFORMING FROM_ORIGINAL YO MODIF JED CYLINDRICAL CODRD SYSTER _

0564 220 THMOD=90.=THETA

0565 ZHOD2(3)=NIOTH=2(1)
0566 WRITE(7,203) 1GRIOGR{1) 4 THHOD ,2M002 (1)
0567 203 FORMAT('GRID  *418,5Xs"100%,3F8,4) X
0568 D0 225 1s2,LAYERG
0%69 . ._ _WRITE(7,203)JGRIN.R(J),THMODs2ZNOD2(1) _— R
0570 JGRID=JGR 1010000
0571 225 CONTINVE . .. _ o
0572 JCUR=JCUR ]
0573 JCUR(JCUR)®IGRID
0574 IGRID=1GR10¢)
0575 . _ __ JORID=IGRIDJ0000 . . . _ .. e
0576 2(1)82(1) oDELTAX
0577 1F(2(1)+LT. (WIDTH=TOLER)IGO TO 220 )
¢ MAKE SURE WE GET THE EOGE
0579 1F(IEND.EQ.1)GD TO 210
0561 2(1)sK10TH
0582  _ IENDeY . . e
0583 60 10 220
c GENERATE CONNECTIONS
0584 210 DD 230 1s2,JCLR

c SET UP THE GRID POINT ORDER
0ses 16(1)=LAST(])
0586 _ . _16(2)eLAST(1=1) e e = v — .
0587 16(3)=1CUR(]=1)
0588 1616)=ICURLE)
0589 16(5)s1G(1)+10000
0590 16(6)516(2)+10000

O el

.
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ISN 0591

ISN 0562 .

1SN 0593
1SN 0594
ISN 0595
1SN 0596
ISN 0598

1SN 0599 .

1SN 0600
ISN 0601
1SN 0602

ISN 0603

1SN 0604
1SN 0605

1SN 0606
1SN 0607

1SN 0008
1SN 0609

1SN 0610
ISN 0611

1SN Q612 .

1SN 0613
ISN 0614

ISN 0615
ISN 0616
1SN 0618
ISN 0620
1SN 0621
ISN 0622

1SN 0623
ISN 06264
1SN 0625
ISN 0623
1SN 0627
ISN 0628
ISN 0629

ISN 0630

(sl aXalaXoaRalalol sl

216
217
215
230

240

. IFLIEND2.EQ41160_Y0_24)

241

265

. i6(8)elG(8)e20000 . _ .

. JPSOL®JPSDL®10 —

16(7)=1G(3)+10000

JEL=IEL

JPSOL=1PSOL

00 215 Kel,LAYERS
IF(K.EC.1)G0 YO 217
JEL=JEL*10000

- o —— -

00 216 L=1,8 -
16(L)=1G(LI«20000 . © e e e .
CONTINUE -
PUNCH CONNECYION CARD .o -
WRITE (742 JJEL »JPSOL 4 (3G (J) 0J=1 46} ICONT’ .
INCREMENY CONTINUATION,
JCONT=1CONTY

1CONT=1CONY ) . ce e
PUNCH CONTINUATION OF CONNECTION CARD !
WRITE(7,3)JCONT1GLT),16(8) -

CONTINUE

— e e PASmg Sy W e e temmr ® s —— . o—— —— - > o

. INCREMENT ELEMENT J0____ . .. L e e

1EL=IEL]

CONTINVE

MOVE CURRENT GRIDS TO LAST GRIODS

DO 240 IsloJCUR

LAST(1)s1CUR(T)

CONTINUE . oo o it e e e e
JLAST=JCUR

JCURsO

INCREMENT ANGLE

YHETASTHE TASDEL TAT
1FCTHETALLT85,59995)60 TO 250

e Stmmtama v mer ceme dee ST8 L - SNt St e - S o

1END2e)
THETA®90, _
6D YO 250

END OF 90 DEGREE DEND

e i .- - o — S Bes WA i uEEM L S 2 eSEs 4 M e ® S

START DF BOYTOM PIECE(ND CUTOUT?

INITIALIZE CONSTANTS _ . e
1ELs{ (1EL/1000)+1)81000¢1 -
1END2%0

1PSOLSIPSOL ]

Y(1)sLEGX 14BEND )

DO 245 1s2,LAYERG .
Y(U)sV(ie2)et(l=)) _

CONTINUE

START GGING OOMN IN THE 2-DIRECTION UNTIL WE HIT THE BOTYOM
STARY AT THE LEFT ECGE

201)sLEGY=DEL YA2

- - - s = —— o cw.

— —— -
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[ a2

Mo . e apen

P

1SN
1SN

ISN
ISN
1SN
1SN
ISN
ISN
ISN
ISN
1SN

ISh
1SN

ISN
15N

ISN
ISN

1SN
1SN
ISN
15N

ISN

ISN
1SN
1SN
1SN
1SN
I5N
15N
1SN
1SN
ISN
1SN
1SN
1SN
1SN
ISN
ISN
ISN

1SN
ISN
1SN

0673 357 WRITE(T42)JEL oJPSOL+(1G (I ) eJs 460 o ICONT

0631 320 XsWIDTH
. ..C .. . GENERATE NEXY LINE_QOF GRID POINYS
0632 1END=O

C TRANSFORMING FROM_ORIGINAL TD MODIFIED RECY COORD SYSTEM _

Y e R (e - owm e maevemea n -

0633 3640 XMOD(1)sY(1)eHT2

063¢ _ _ . YMOD(1)sZ(}) . . e
0635 ZMODsX

0636 .. .___WRITE(791)IGRJDXMODIL),YMOD(R 020D __ _ ..
0637 DD 345 182,LAYERG

0638 _ . XMODII)sY(I)eNT2 e
0639 WRITE(741)JGRID,XMOD(1),YHOD(T) 2MOD

0640 JGRID=JGR10+10000 _ -

0641 345 CONTINUE

C... SAVE GRID ID!'S FDR ELEMENT CONNECTIONS

0662 JCUR=JCUR +]
0643 JCUR(JCUR)=IGRID . .- —— -
o INCREMENT GRID ID*S
0666 | IGRID=IGRID*} |
0645 JGRID=1GRID*10000
vewew € . MOVE 10 THE RIGHY_ONE INCREMENT AND.REPEAY. _ . __ ___ . ___ __
0646 XsX=DELTAX
06467 IF(X.GT.TOLER)GO YO 340 - . . e
c MAKE SURE WE GET THE RIGHY EDGE
0049 JF(IEND .EQ41)60 YO 250 . - -
0651 X=0,0
0652 _ ___ . .1ENDe=] .- s et r—— v
0653 c G0 TO 340
E GENERATE ELEMENT CONNECTIONS
0654 350 DO 360 Is2,JLAST
.. € .. .FIRST_SEY UP _JHE GRIN POINT.ORODER._ .___ __.__ .. . ...
0655 1G(1)=LAST(])
0656 16(2)sLAST(1=1) -
0657 16(3)=ICUR(1I=1)
0658 16¢(4)=JCUR(T) -
05699 16(5)=16(1)+10000
960 | _ ... 16(6)316(2)+10000 - U .
0661 16{7)s16(3)+10000
0uee 16{8)=7G(4)*10000_ -
0663 JELSIEL
0664 JPSOL=IPSCL
0665 00 355 Ks),LAYERS
0666 .. ... .  JFIK.EQIIG0 YO IST_ _ _ . ol e
oo68 JELSJEL +10000
0669 JPSOL=JPSOL+10
0670 00 356 Ls1.8
oenl 16(L}=1G(L)*10000
0672 356 CONTINUVE

€._. . PUNCH CONNECYION CARD .

< INCREMENT CONTINUAYION FLELD
0674 JCONT=]CONT
0675 ICONTsICONT ]

159




AR

i 1 W

- e mnvaes e swawrt i e we

———

T n

- —

. e bt e Smwe

901 FORMAT{ *=®0SERROR®®Y TOO MANY LAYERS SPECIFIED*)

LN T .

160

c PUNCH CONTINUATION OF CONNECTION CARD
ISN 0676 .  _WRITE(7,3)JCONT.1G(2),3G(8)
ISN 0677 355 CONTINUE
¢ IWCREMENT ELEMENT J0D
ISN 0678 JEL=1EL#)
ISN 0679 360 CONTINVE
c MOVE CURRENT LINE OF GRIDS T0 LAST LINE
ISN 0680 .  ____DD.370 J=1,JCUR
1SN 0681 LASTCI)=ICURLT)
ISN 0682 370 CONTINVE _ _. ... _ ... __.
1SN 0683 JUAST=JCUR
¢ MAKE CURRENT LINE EMPTY
1SN 0684 JCURe=0
. . .C._._MOVE_UP_A_LINE
1SN 0685 2(1)s2(1) =DELTAZ
¢ MAVE WE HIT THE BOTTOM YET?
ISN 0686 1F(2(1) 6T, TOLERIGO TO 320
ISN 0688 JF(IEND2.EQ1)G0 TO 120 .
1SN 0690 1END2%)
ISN 0691 __.__ __1(1)%0.0___
15N 0692 G0 10 320
¢ WERE OONE. WMEM __ ___ __
¢ SO OUMP THE BUFFER
ISN 0693 120 ENOFILE 7
¢ AND GEY THE MELL OUY
LISN 0694._.___ .. STOP
ISN 0695 900 WRITE(6,901)
1SN 0696
ISN 0697 ST0P
1SN 0698 END —_—
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PARAMETER ECHO T
LEGX)® 0.27¢0
LEGY® . 005300 Lo o e e e
W10THs 0.5000 T T
RADIUSs 0.25C0 .
. DELTA=Ys 0,0900
DELYA=X= 0+10C0 i e
DELTA=Ts 15,0000
BEND® . _ .. . 0.12%______ _ .. __ — e e -
©y TOLERANCE= ~0,01%0 T
; DELTA=Za 0.1700 o e e e e
LAYERSs 1
} DELTAY2e 0+1330 i e
, HEIGHT2e 0,6000
LAYER= 1 THICKNESS® 040230 . . _ o e e e
A ]
¥
i
%
{
‘n
¢ F
|
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APPENDIX F
-1 MODEL PREPROCESS PROGRAM BULK DATA LISTING
PALK L4 TA CEMEReTLU oY (o) FALEMUCESSOR

1. LIt 1 Qe LCG Gat 280 Lot (O
' GRED 1Ll Qe4¢CO0  0aT¢0C 042000
3 LRID P4 VO CCO (o350 (o400
L %Y GhIL; 10uoe 0,40C0 0,7¢L0 044000
be LR1Q 3 DeCCO 043250 043000
Lt (NG 16203 0,4CC0  CoT000  €o3000 L4
1. OR1D 4 0,4C00  CGoa%C 042400
Y k1D 5 0:267¢ Cet 30 Co5000
10, (4311 1600% 042670 Co7000 CobCO0
11, (A1} & 0,2670 0et:25C C44000
12, GFHIL 1000¢ 042670 (47600 Co4000
13, LA 1 1 t 5 ) 2 16006 1000%s 0 '
14, ) M 1C001 1ot .
1%, (1910 7 042¢70 04¢39% €43C00
1t ORIl 10007 0,270 67600 0,300
1. Lht xs 2 1 1 t 2 3 1¢007 1C006 ¢ 1
LI 1 1 10002 10003
19, (A 311 & 042¢70 Cot 3% U42117
20, Lhil 10008 0.,2070 00,7600 0642117
12 CHiya 3 1 8 1 3 4 10C08 10007+ 2
e * ? 10003 1C004
FEN GhiD 4 0.1340 046350 05000
‘4, LA ID 1000% 041366 047600 C4%000
PL TS OklD 10 041360 0,¢3% 0.4000
2b. (AN 1Y 10010 041340 047000 C440C0
21, GRID 13 0,13640 0.¢3%0 0.3C00
2be GRIU 16011 41340 G 7600 C43000
2%, LeID 12 0413640 046350 0,200
30, GR1O 16012 0413640 0,7600 0,2C00
3, GRIC 13 0413640 0.,63% (©.1000 11
32, okl 14013 0.,1340 (47660 041C00
33, CRID 14 90,1779 046350 041000 B
34, LRID 1C01¢ 041709 Co76CC 041000
35, Gk 1D 15 00,1340 0.03%0 0,0
3t whlD 10015 04,3340 047606 G40
37, [N 13 0.1%5(0 Cu635%0 040
3t (1218 1Lole 04150 047¢00 0.0
39, China 4 } 16 9 s [ 1(610 1C009¢ 3
“G, ¢+ 3 1600¢ 10004
4l (€119 ¥ 5 1 1 10 6 1 16011} 16010 4
“d . 4 1600t 10007
43, [ALZ Y 6 1 12 11 7 & 10012 10011¢ 5
Q4 ’ L 16007 10008
“, CHEXA 7 1 13 12 ] 14 10013 10032+ [
LA + ¢ 10008 16014
LY thl xa [} 1 1® 13 14 16 1€0)% 1C0L3¢ 7
LY * 7 16016 106Ce
b, GRIP 17 {1 0st350  CotL0C
LT cPiL 16017 G.0 Ge76CC 045000 . “
Sl LRl 16 0.0 Gat3% 00,4000 )
S¢e [4 911 10016 0.0 Ge 7600 Cok((C
AP GLARI1D 19 0.0 048350 Co3¢00 ‘
LYY (R310 16019 3.0 G 76C0 0,300C
Y5, (1318 20 0.0 0.e3%0 (42¢00
tL. ORI 1L02¢ 0.0 0,7¢00 0.¢C06
L. LRIt 21 Je0 0.t3%0C 0.1000 '
L, [T I 1€062) 0.6 (o700 Ga1C00
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ey " eyt *u
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i
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i ¥
P
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“

o

%9,
60
bl
62,
63,
LI
65
th
¢7,
6t
by,
70
11
12,
13,
T4,
%,
16,
17.
T,
19,
80,
bl
82,
B3,
(L XY
by
Bb.
ar.
Bu.
89,
90.
9).
92,
93.
94,
9%,
9t .
97,
Gbe
99,
100,
101,
102,
103,
1C6,
105
106,
1wt
108
1CY.
13 1
111,
112
113,
114,
11%.
11¢.
117,
1t
114,

LRI
GF1l
CHEXA
.
CHEXA
.

CHE XA

.
CHEXA
+ 1}
CHERA

. 1?
GRIP
LRI0
GRID
GRI0
CHEXA
. \3
LRIT
LRID
CHEXS

. 16
GRIL
GRID
CHERS

. 1%
GR1D
GRID
LRID
GRID
CHERD
) 1¢
GRID
¢RI
CHE Y A
. 17
GRID
LHID
CHERS
)

(1318
LRID
CPENTA
GFID
GRID
Gk1D
LRID
ORID
L
(a1
GRID
(8814
GRED
GHID
LFIl
GRID
GFID
ChE x¢
. 1¢
ChEAA

3 G

11001
1003
11003
1002
11002
1004
11004
1003
11003
100%
11005
1006
11006
1004
1100%
1007
11007
100%
11006
100¢
1100t
1006
11007
100¢°
11009
1007
1010
11010
1on
11011
1012
11042
1012
11013
1914
11016
1015
1100
101¢
1101¢
jove
11010
1009
11011

10010
1
10C1)
1
10012
1
10013
}
1001%
11c02

11003

1
11004

11006
1
11007

1100k

1}
11011
1

1300¢

(=3
.
c o

18
19
Y
21
¢

2,490
0,49C0
0.49€0
044900

2

0.,49C0
0449C0
3

0.49(0
0.,¢900
(]

0.%8C0
0,5°00
0,5800
0,58C0

1008

0,58¢0
0.58C0
1003

0.58C0
0.58C0
10C4

0,629
0.6291

1CCe
0.67C0
0.67€0
0.67€C0
0.,67€0
0.67(0
0.67€0
0.67¢0
0.67C0
0.617C0
0,67C0
0,61CC
0,67C0
0,65C0
0,68 C0

100¢

ey

0, 63EC
0. 7¢C0
17

18
16
20
21

Ce €250
0, 760C
0,¢350
0. 7600

1

0.6350
0. 7600
H

0,350
Ce 7600
3

04¢350
04 7600
0,¢3%0
0, 7600

1001

0.¢3%0
0.76C0
1002

06380
04 7600
1603

0,¢35¢
0, 7600

1008
Ce 6380
0, 7600
0,360
Go 700
0,¢3%0
Go 7660
0,390
€. 7600
ot 350
Ce 7600
[ ('3!’0
Ce 700
(WY
047600

10

100t

163

c.5CC0
0.,5¢00
044000
0,40C0

1001

0,3¢00
043000
1002

0.2332
02332
1C03

0.56C0
0,%000
€+4C00
¢.4C00

100%

0.,3C00
0,30C0
1006

042000
€.iL00
1c07

€.1000
041000
1009
0.,£C00
0.%000
044000
€ 6000
C43CC0
43000
42000
042C00
¢Jac000
G¢+1(00
o€
0.0
C.0
c.(\
1010

1011

10

11

12

13

1%

1002

1003

1004

1004

1007

1008

11004

101}
1912

10018

10019

10020

1ocel

10022

10002

1c003

1¢C06

11002

11€03

11004

11c0c8

11008
11007

10017¢

10018+

10019+

1€020¢

10021+

10001

10002¢

10003¢

11003 ¢

11€02¢

11003¢

1100%

11CC5
11006 ¢

10

1

12

13

14

15

16

17

18

19
20

iy

o on e o s Brane




e,
121,
122,
123,
1264,
12:.
tee,
127,
120,
126,
130,
131,
132,
133,
134,
‘35.
1360
137,
136,
139,
a0,
141,
142,
1643,
164,
185,
140,
1LY
16bs
169,
180,
1.
1%e.
153,
154,
1Ly,
1%¢,
157,
%8,
1L9,
TRV
1l
102,
|°30
1b6,
‘ba.
TN
167,
16k,
oY,
170,
171,
172,
173,
174,
179,
17¢.
177,
1.
119,
lbue

(ht x¢
¢ I3
Chi xa

+ e
Chit x&

. Z3
Cor02C

* ¢4
(1914
CkID
GRIC
GRIL

(13 {{]
GKID
ORID
(1314
Ghll
LD
GhID
(M3}
CHEXA

) P3)
ChE xd

‘ b
CHEXA

+
Lht XA
. H
CHEXA

+ 29
WRI®
GKIL
Gh1D
GR1D
okl
okl
GRID
(1318
GRIL
Gkl
GRID
GRID
ChExa

. 30
ChHE XA

+ 31
ChEXe
.

CHE XA

12 3
CHEAA

’ 24
GRID
ORI
(1314
(1319

(T3 1]
Gk1D

(W ]/]
k1l
ORID

10l
11012
1011
11013
1012
11014
100
14¢ 700
1017
11017
10l
1101k
1019
11019
1020
11020
1021
11921
1022
11022
¢001
11017
<002
11018
2003
11019
2004
11020
200%
1102}
1023
11023
102¢
11024
102%
1102%
102¢
1192¢
1027
11027
1028
11028
2006
11023
2007
11024
2008
11028
2009
1102¢
<010
11027
1029
11029
1030
11036
1031
11031
1032
11032
1033

i
11013
1
11014
1
1101y

Cib100
100
1¢0
100
1¢0
1¢v
1¢0
10¢
100
100
100
100
100

H
1iole
é
11019
¢
11020
é
ticel
e

11022
100
100
100
100
1060
100
100
100
100
100
100
160

2
11024
2
11025
2
1102¢
2
11027
2

11628
106
106G
100
100
100
160
160
100
160

10Ct
ey
1¢16

0.6700
0.0
0.1280
0,2500
0e12%0
042500
0.12%0
0.2%C0
0.)2%¢C
0.25C0
0.12%C
042500
0.12%0
042500
']l

1012
1013
101s
1015

0412%0
0,25C0
043280
0.2500
0.12%0
0+25C0
041250
042500
0.12¢0
0.,2500
0.12%0
0425C0

1016

119
1020
1621
1022

0s128C
0.25C0
0.12%0
042500
0.1250
0.25C0
041250
0.25C0
041250

1607
Jeon
1009
0.51060

7. 000¢
75,000
1540000
75,0000
4. C000
15,0000
75,0000
15400600
75.00C0
15.6000
7446000
74,0000

1010

101l
1012
1013
101¢

6040000
0040000
€0.(600
60,0000
60.C000
60.C00G0
60,0000
60.C000
¢C (000
60,0000
60.6C00
60,CC00

1017

1016
1019
1020
102}

45,0000
45,0000
4¢,00C0
45,0000
45,0000
45.C00C
45,0060
45,6000
45.6000

le4

101¢
1013
1016

0

08000
C.5C00
044000
Ce6C0O
043000
043000
Cec UCO
0s2000
¢e1000
Ce1C00
c.o
0.0
1017

1016
1C19
1020
162t

04%€00
Ce5000
044000
Ce4CO0
0.3000
€43660
02000
022000
01600
0.1600
0.0
C.0
1023

1024
162%
1026
1627

0,000
0.50C0
C.4C00
(1447
€+2000
043C00
Ge2CL0
0.2€C0O
41600

1012
10}4
101%
0.6700

1018
1019
1020
1021
1022

110Ct
1100y
1161¢
0.,%1C0

1en
11032
11013
110)4
11015

11018
11019
11020
11621
11022

11007
110G
110C9¢

1.0¢

11010
11C10e
11012+
11013
11014¢

11017¢
11018
11019¢
11020¢
11021«

i
26
27
]
29

30
3
32
3
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5

T

5y,

pETieE

R AL

R

2,

AT

ey
R

AR

ibl,
162,
163,
184,
16%,
16t
17,
168,
169,
190,
191,
162,
193,
194,
19,
196,
167.
198,
199,
200G
201
202,
203,
204,
20%.
206,
207,
208,
209,
210,
211,
212,
213.
214,
215,
216
27,
2lb,
219,
220,
221
222
223,
2244
22%
zzb.
227,
228,
229
230,
231,
232,
233,
234,
235,
236,
237,
23k,
239,
240,
241,

GhIL

GRID

OhIL

CHEXA
+

CHE XA
+

CHEXA

+

CHEXA
+

CHEL XS
+

GRIN
LRI
GRID
GRID
GRI
GRID
GRID
GRIL
GRID
GRID
GRID
GRIC
CHF XA

¢+
CHE XA

.
CHEXA
‘'
CHEXA

.
CHE XA
+

GRID
LRI
(IRlD
GF D
GRID
GRID
GRID
GRID
(3311
GRID
GhID
LRIN
CHE XA

L
Chixa
+
CHEXA

3

CHE XA
.

CHE XA
+

(] S1H
GH1b

GR1D
LHIC

“0
[}
“2
43

46

45
46
47
o

44

11032
1036
11034
2011
11029
¢012
11030
2013
13031
201¢
11032
201%
11033
1035
1103¢
1036
11036
1037
11037
1038
11038
1039
11039
1040
11040
201¢
1103¢%
2017
11036
2018
11037
2019
11038
020
11039
1061
11061
1062
11062
1043
11043
1044
11044
1045
11045
1046
11046
2021
11041
2022
11042
2023
11063
2024
11044
202%
11048
1067
11047
1048
1104F

100
100
1co

2
11¢3¢
e
11021
2
11032
e
11023
2
11034
100
100
1C0
100
100
100
100
100
100
100
100
100

2
11036
e

11037
2
11036
11639
2

11040
100
10C
100
100
100
1co
100
10¢
100
100
160
e

2
11062
2
11062

2
11044
?
1104%
<
11C44
1
1
1e¢
10¢

0.25C0
0,1250
0,2%C0

1024

102¢
1026
1007
1008

0.12%0
0.2%C0
0.12%0
0.,2%C0
0.1250
0.25C0
0.12%0
0,25C0
0,12%0
0.25C0
0.12%0
0.,2%C0

1020

1021
1032
1023
1034

0.12%C
0.2%L0
0.12%0
04250
0,12¢0
0,25C0
0.12%0
0,25C0
0.12¢0
0,25C0
0.12%0
0.2%CC

1026

1637
2R
P EUER
1040
QaletC
0e2%(C

Jsl2t e
l)“"((:

4%,0C00
45,€000
45,0000

1022

1024
102%
1026
jc27

Jo. 0000
3¢. 0000
204 00C0
¢, 0000
3¢, 0000
30,0000
30,0000
30, €000
30,0000
30,0000
30.,C000
30.0000

1029

1030
1031
1032
j033

1£.€000
€. 0000
15,0000
1%, C0CO
15.C000
15,0000
15.C0C0
1s.0CC0O
1540000
15,0000
15,0000
16, CO00

1¢3%

T3¢

1037

165

A5 2 S

g BRER T
H ‘g%ﬁﬁx?iﬁﬁ

0,100

0.0

Ce0
1029

0,5600
0+5CC0O
0.4C00
04000
043000
043000
0,2000
0.2000
041000
041000
0.0

0.0

1035

1026
1037
1028
1039

U000
c.tuce
Ce 00
Cob 00
0,3000
€,3000
Ce2CCO0
0,2CC0
€.1600
0.1000
00
.0
106}

Y;
1043
1044
1045
C.5000
CafLoe

[GRLYON
(LI d

;E

o

1030
1031
1032
1033
1034

1036
1037
1038
1039

1040

1942
1043
164
1345

104¢

11024
1102%
11026
11027
11028

11030
11031
11032
11033
11034

11036
11027
11038
11039
1140

11023
110264
110254
110264
11C27¢

11029+
110304
11031+
11032¢
11033¢

11635+
110364
11037+
110389

11029+

4«0
4]
2
43

(1}

4%
46
“1
4«8

4«9
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24¢
S4o,
244,
24,
24t
247,
24t
249,
PV
251,
ehe
%3,
Zt“’l
PN
b,
v,
25t
¢y,
2t0.
261,
{ N
{31
2t4,
r{%-
cobbe
261,
KN
2tY,
2.
21,
21¢.
273,
274,
219,
27t
211,
2,
219,
P{LN
el
bl
203
2b4
ZL:C
ért
2t 1,
elibe
ety
244
241,
292
293,
294,
29t
29¢t,
287,
290,
RN
300
L1V IS
a0

(SR
(S 9L
Gh
[N
LRI
i
LRID
GkiD
Lhixa

+
Chi xa
.

Cut x&
.
Cht d A

+
CHEX A
‘
(NS¢
('k l (i
OhID
CRID
Gk10
GrIL
ORID
ChID
(431¢
Gh1D
Lklb
Lk1D
CHtXxa
*

LHE x4

+
Lht A

.
Cht X4
+

Lt xe
+
Lkl
(ANIE
okl
th b
uh it
OhLD
GHID
LRI
GRIG
Gh Y
LRI
Lkl
Chi A

.
Lt xa
D
(rgra
.
Lhtxa

.
Chi YA

(1%
tl

€2

104¢
1104%
1050
11050
10%)
11051
1092
11082
202¢
11047
20217
11048
202t
11049
2024
11050
€030
11051
1093
11063
1054
11054
10%%
1105%
1056
11056
1057
110%7
109¢
1105¢
3001
110%3
3002
110%4
3003
110%%
3006
110%¢
300%
11057
1059
11059
1000
11060
1061
11061
1062
11062
1063
11063
1044
11064
0t
110%9
aou?
119460
3QuUt
11061
390%
11002
3010

16«
1
i
100

| XA V]
1¢L
10¢
100

2
1106t
2
11049

<
110%0
[4
110641

2
11052

11054
11055
110%¢
11057
11056

e
3
11061
K}
110¢¢

11Ce3
3

Jeletu

Ay
Jdel2t0
0,280
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APPENDIX G

C-1 PLOT RUN DATA DECK SETUP AND UNDEDORMED PLOTS

1e /7 JOR {900004,,048,300) PLOTCIAGCLASSSL - o v v s e e
2+ //RUN EXEC NAST46,PTAPE=WYLBUR,PLOT=WYLI02,

3¢ /7 PLOTDSN®='CX900004 4SS5 PLOTCI4! JPLOTPGH=PLOT936y - - — ~ - - -
Yo I/ W121,KON360=)2K,PBUF=1414FBUFF=400,R®299K

5, 1D MODELC1.PLOTCL4 R bk I
6. SOL 2¢

= Te TIME & oomrmms come = - —— —_—— ———

8. DIAG 8,14

9o ALTER 23 8 -- = — s e e e e
10+ EXIT &

11+ ENDALTER .- - I R

12« CEND

<134 TITLE -« -PRE-PROCESSOR - PRODUCED-GEOMETRY-(MODEL- C14) -~ - - mememe e

14, OUTPUT(PLOT)
15, PLOTTER NASTRAN MODEL D40~  ~-~--- - - © s e
16, SET 1 = 1 THRU 1072 ERCLUDE GRXO PD!NYS 10001 YHRU 110&3

17, SET 2 » 2001 THRU 2090 ~—- - - - - -
lg g&} i iul TNRU 3050

21. 8 PLOT MESH . Cim e e e e e e o _—
22+ §

234 AXES Y XM . et e e e .- e e e e
24¢ VIEW 0440440,

.25¢ PTITLESPART.1 WITH RASHERLIDP.NMIEW ... i e e

26, FIND SCALE SET 1 ORIGIN 1

27. PLOT SET 1 ORIGIN 1 LABEL ELEMENTS -
ggo :LUY SET 1 ORIGIN 1 LABEL GRIDS
. . e e e mem e .- -
30. AXES 24XoY
31+ VIEW 0400040, ... _ e o st o o 41a. e o o s e v e s . oo
32. PTITLESFULL BRACKEYS VIEW 0,000
33, FIND SCALE SET 4 ORIGIN & __ ___ .. __.. . -
34, PLOT SET ¢ DRIGIN &
35, e e et e e e - . . .

364 § PLOY MESNES 1,114 AND 111

— - g m—— Vo I ————— ————  ———————

39, VIENM ‘10002019'300 .. -
40, PTITLESFULL BRACKET; 3=D VIEN =10,20,=30

43s FIND SCALE SET 4 ORIGIN S .

€2, PLOY SET 4 ORIGIN &

43, BEGIN BULK . . e e ot o e e s ——— =

- - - - PR . -

- 4 — — S it rd S S - s e ¥ B2 D B - e St S8 M 2 M vt g i S ot

(BULK EA’I‘A)

ENDDATA
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